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INTBODUCTION. 






The First Book of Botany, for the use of beginners, was 

designed to cultivate the observing powers of the young by 

making plants themselves the regular objects of study. It 

was published three years ago, and adopted by numerous 

schools, and, upon trial, it proved so satisfactory that there 

have been frequent and urgent calls for a more advanced book 

upon the same method. After much delay, which I regret, 

but have been unable to avoid, a Second Book, carrying out 

the plan, is now ready, together vdth an instructive series of 

Botanical Charts, which will be helpful to both teachers and 

pupils. 

^ In the preface to the First Book, and in an Essay reprinted 

V. at the end of the present volume, I have stated the purpose 

that led to these publications : the present extension of the 

txs method affords a suitable occasion for presenting some further 

^ considerations in illustration of it. I had two objects in view, 

^ one relating to the subject of Botany, and the other to the 

:i_ mental cultivation of the young. 

^ As r^ards the science itself, it seemed to me to be very 

^ badly dealt with in the schools. In many it is not taught at 

J:^ all, and in others it is regarded as a kind of superfluous side- 

^ study, of such secondary importance that it matters little in 

what way it is treated. And so it is subordinated to the school 

C routine, and pursued in a hurried and desultory manner, by 

t^ books and recitations, and by memorizing second-hand informa- 

*" -^ tion. It is perfectly well known that, in institutions of all 

grades, students oftcm ^* go through " the botanical text-books 
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without giving any attention whatever to the objects they de- 
scribe ; or, if they do so at all, it is generally in an incidental 
and irrational way — ^perhaps by attacking the most complex 
part of the plant first, and picking flowers to pieces, so that the 
pupil may quickly indulge in the shallow pedantry of giving 
them their technical names. All this is imjust to the science. 
Like arithmetic, Botany is only to be acquired by first master- 
ing its rudiments. And as, in arithmetic, the student is com- 
pelled to exercise his mind directly upon numbers, and work 
out the problems for himself, so in Botany, if worth pursuing 
at all, it should be studied in its actual objects. The char- 
acters of plants must become familiarly known by the detailed 
and repeated examination and accurate description of large 
numbers of specimens. The pupil must proceed step by step 
in this preliminary work, digesting his observations, and mak- 
ing the facts his own, until he becomes intelligent in regard to 
all the common varieties of plant forms and structures. It is 
because the text-books of Botany hitherto in use fail to provide 
for and to enforce this thoroughness of introductory study of 
the characters of plants — ^fail in the very groundwork of the 
subject — ^that the present plan of study has been prepared. 

But, it will be asked, " Is botanical science, after all, worth 
acquiring in so painstaking a way ? " This is an important 
question, and brings me to the higher purpose I had in the 
arrangement of these books. The uses of Botany are by no 
means to be measured by the interest or utility of the knowl- 
edge of plants. A thorough acquaintance with the science 
will be serviceable on its own account through life ; but its 
merit is that it leads to an end beyond itself; it has great 
value as a means of mental cultivation. That branch of Natu- 
ral History which treats of the vegetable kingdom ought to be, 
and can be, made corrective of a fundamental defect in our 
educational system. This deficiency is a lack of any provision 
for thoroughly exercising the minds of the young upon natural 
objects. Our plan of general education includes not a single 
subject that can secure the mental advantages arising from the 
direct and systematic study of Nature. We do a great deal 
in the way of " mental discipline," but the order and truth of 
things around us are not allowed to contribute to it. We 
train the faculty of calculation and drill the memory in lesson- 
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learning, but the realities of Nature find no place jtt our schools 
as means of mental unfolding — ^for training in obserration, and 
for working the higher faculties of reason and judgment upon 
natural things. In short, for calling out the more important 
powers of the mind, by cictual exercise upon the objects of sur- 
rounding experience, our educational system makes no pro- 
vision whatever. Neither reading, writing, arithmetic, gram- 
mar, nor geography, brings the mind into contact with Nature 
at all ; and even the sciences of physics, chemistry, physiology, 
and botany, are usually acquired from books, and with so little 
regard to the real objects of which they treat, that as means 
of mental improvement they are of very slight service. 

That modem education, in all its gradations, is profoundly 
deficient in this respect, has long been recognized and de- 
plored by the most enlightened educators. Dr. Whewell, for 
example, late Master of Trinity College, Cambridge, in one of 
his able works upon Education, says : " The period appears 
now to be arrived when we may venture, or rather, when we 
are bound to endeavor, to include a new class of fundamental 
ideas in the elementary discipline of the human intellect. 
This is indispensable if we wish to educe the powers which we 
know it possesses." Again, he remarks : " There are perverse 
intellectual habits very commonly prevalent in the cultivated 
classes, which ought, ere now, to have been corrected by the 
general teaching of Natural History. We may detect, among 
speculative men, many prejudices respecting the nature and 
rules of reasoning which arise from pure mathematics having 
been so long and so universally the instrument of intellectual 
cultivation." And again: "In order that Natural History 
may produce such an effect, it must be studied by the inspec- 
tion of the objects themselves, and not by the reading of books 
only. Its lesson is that we must, in all cases of doubt or ob- 
scurity, refer, not to words or definitions, but to things. The 
Book of Nature is its dictionary ; it is there that the natural 
historian looks to find the meaning of the words which he 
uses. 



7»i 



To gain the meiital benefits of the study of Natural History 
here proposed, the pupil's attention requires to be concen- 
trated upon a limited portion of it, which is to be thoroughly 
• " Nbfmm Organvm Renovatum^'' p. 170. 
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mastered, an^ Botany presents special and eminent advantages 
for this purpose.. He is brought face to face with Nature, and 
his first, and constant work is the observation of phenom- 
ena; not merely looking with the eye, but recognizing with 
the mind. The science consists of a comprehensive system 
of organized and closely-dependent truths, which it is the 
business of the student to trace out and rediscover for him- 
self. From the beginning he is engaged in comparing his 
observations, and reasoning upon his facts. As nothing 
can be done without terms, to mark his discriminations, 
he commences their use at the outset; and, as the language 
of Botany is more precise than that of any other science, 
there is constant drill in accuracy of description. As he ex- 
tends his familiarity with plant characters, the work of com- 
parison and grouping calls for a higher exercise of thought. 
Finally, in classification, which is the goal of all his prepara- 
tory study, he engages with problems of increasing complexity 
—the grouping of plants by masses of resemblances— distinc- 
tion of kinds and classes of things by likenesses and difier* 
ences of unequal values, and the formation of groups in subor- 
dination to each other — all of which involve the highest ex- 
ercise of judgment. 

Thus, the thorough study of Botany as a branch of Natu- 
ral History, and as a meam of education, not only " communi- 
cates precision, clearness, and method to the intellect, through 
a great range of its operations," but its discipline is corrective 
of the most common defects of education, and is eminently 
applicable in forming judgments upon the ordinary affairs of 
life. Carelessness in observation, looseness in the application 
of words, hasty inferences from partial data, and lack of 
method in the contents of the mind, are common faults even 
among the cultivated, and it is precisely these faults that the 
study of botanical science, by the method here proposed, is 
calculated to remedy. That the habit of systematic arrange- 
ment, in which the study of botanical classification affords so 
admirable a training, is equally valuable in methodizing all 
the results of thought, is testified to by one of the most intel- 
lectual and influential men of our time, Mr. John Stuart Mill. 
He was a regular field botanist, and cultivated the subject 
with a view to its important mental advantages; and his 
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great work <m logic took a form which conld not have been 
given it if the author had not been a working naturalist as 
well as a logician. In the second volume of his "' System of 
Logic '' Mr. Mill says : 

^^ Although the scientific arrangements of organic Nature 
afford as yet the only complete example of the true principles 
of ^rationid classification, whether as to the formation of groups 
or of series, these principles are applicable to all cases in which 
mankind are called upon to bring the various parts of any ex- 
tensive subject into mental coordination. They are as much 
to the point when objects are to be classed for purposes of art 
or business, as for those of science. The proper arrangement, 
for example, of a code of laws, depends on the same scientific 
conditions as the classifications in natural history ; nor could 
there be a better preparatory discipline for that important 
function than the study of the principles of a natural arrange- 
ment, not only in the abstract, but in their actual application 
to the class of phenomena for which they were first elaborated, 
and which are still the best school for learning their use." 

If, therefore, the object of education is the completest cul- 
tivation of the powers of the mind, botanical science evidently 
has a very strong claim to a regular and leading place in our 
scheme of school-studies. But it will be a grave mistake to 
suppose that its benefits can be secured by the mere use of text- 
books, however full and valuable the information they con- 
tain. Nor are they to be gained by the casual examination of 
plants, nor by the analyses of a few flowers, with the aid of 
keys and dictionaries,^ nor in the limited time usually allotted 
to the subject. The study must be commenced early and pur- 
sued steadily by the method of direct observation, until its 
elementary facts and principles are made entirely familiar. 

It is the claim of the First and Second Books of Botany 
that they lead the pupil over this indispensable ground, and, 
if faithfully followed, they will lay the solid foundation of the 
science, and will contribute to that desirable bent and hab t of 
the intellect which natural-history studies are best calculated 
to impart. They are not intended to supersede the regular 
treatises upon the science, but to supplement them and prepare 
for them. They are guides to self-education, and are adapted 
for use in school or out, by teachers and mothers, whether 
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they know eny thing of the subject or not, and by pupils with- 
out any assistance at all. A large amount of time will not be 
required, but the exercises should be so frequent and regular 
as to keep the subject prominently in mind, and maintain the 
interest in vegetable forms. 

The Second Book begins where the First left off. The use 
of magnifying-glasses and microscopes is commenced, and the 
work now becomes more close and thorough. As soon as the 
more important features of the flower are known, the pupil 
is introduced to the leading principles by which plants are 
arranged, and set to making groups of those that most nearly 
resemble each other in important characters. He is here called 
upon to do his own thinking, and to form opinions as to the 
amount of resemblance between different plants. He has to 
decide whether a certain group of characters presented by his 
specimen is most like one or another group presented by 
other plants, and this leads on to the comparison and estimate 
of the relations of different groups with each other. It is thus 
that the discipline of the judgment and reason begins to be 
secured at an early stage of the study, and is continued with 
more and more completeness as it goes on. 

I am much indebted to the kindness of Mr. George C. 
Woolson for having carefully revised the proofs of the present 
volume, and have also to thank Prof. George Thurber for valu- 
able suggestions, both in regard to the present work and the 
revised edition of Prof. Henslow's Charts. 

E. A. Y. 
New York, June, 1873, 
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Labob colored diagrams for teaching botany are so yalua- 
ble that, in the absence of any publications for the full and sys- 
tematic illustration of the subject, lecturers have been in the 
habit of roughly preparing them for class-room use. Recog- 
nizing this want of schools and students, Prof J. S. Henslow, 
the eminent English botanist, who has done so much to sim- 
plify and improve the elementary teaching of the subject, took 
the matter up ; and one of the last works of his life was to 
prepare a set of botanical charts for educational purposes. 
There was perhaps no other living man so competent to the 
task, as his thorough knowledge of the science, his experience 
as a lecturer to the Cambridge students when he was profess- 
or in that university, and his subsequent teaching of the par- 
ish children at Hitcham, qualified him to meet the wants of all 
grades of learners. He prepared a series of nine large sheets, 
and, as their publication was expensive, it was undertaken as 
an important educational work by the Science and Art Depart- 
ment of the English Educational CounciL '^ Henslow's Botan- 
ical Diagrams " have had a high reputation for their scientific 
accuracy, their completeness of illustration, their judicious se- 
lection of typical specimens, and their skilful arrangement for 
the purposes of education. In bringing out a method of ele- 
mentary botany, which desires to give every advantage in its 
thorough acquisition, the author of the First and Second 
Books felt the need of large colored diagrams, and, as there is 
nothing of the kind in this country, while the importation 
of Henslow's series is costly, her publishers were induced 
to incur the very considerable expense of publishing a revised 
edition of the English charts. This revision and reissue were 
the more necessary, as the foreign edition has one very serious 
defect; it was compressed into so small a space that the figures 
often overlapped, producing an indistinct and confused effect. 
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The American edition consists of six large charts, and the 
pictures are spread over twice the original area, giving much 
greater distinctness and a very attractive aspect to the series. 
Several American specimens have been substituted for English 
species which do not occur in this country, and illustrations 
of the classes of flowerless plants have been added, for which 
Prof. Henslow did not seem to find room. 

In the plan of the charts, the plant is first represented of 
its natural size and colors ; then a magnified section of one of 
its flowers is given, showing the relations of the parts to each 
other. Separate magnified views of the different floral organs, 
exhibiting all the botanical characters that belong to the 
group of which it is a type, are also represented. The charts 
contain nearly five hundred figures colored to the life, and 
which represent twenty-four orders and more than forty spe- 
cies of plants, showing a great variety of forms and structures 
of leaf, stem, root, inflorescence, flower, firuit, and seed, with 
numerous incidental characters peculiar to limited groups. 
All these are so presented as to be readily compared and con- 
trasted with each other. 

The charts are not designed to supersede the study of 
plants, but only to facilitate it. Their office is the same as 
the illustrations of the book ; but they are more perfect, and 
bring the pupil a step nearer to the objects themselves. Many 
plant characters are so minute that they are difficult to find, 
and much is gained by referring first to the enlarged and col- 
ored representations. 

Besides this special assistance in object-study, the charts 
will be of chief value in bringing into a narrow compass a 
complete view of the structures and relations of the leading 
types of the vegetable kingdom. In fact, they are designed 
to present, fully and clearly, those groupings of characters upon 
which orders depend in classification ; while in several cases 
of large and diversified orders the characters of leading genera 
are also given by typical specimens. The charts will thus be 
found equally valuable to the beginner, the intermediate pu- 
pil, and the advanced student. A Key accompanies the charts, 
and they can be used with any botanical text-books, and dur- 
ing the season of plants they should be upon the walls of every 
school-room where botany is studied.^ 
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The First Book of Botany was prepared for young children, 
and was made very simple and elementary, to meet the wants 
of juvenile minds; but it provides for a course of rudimentary 
observations which are not to be dispensed with by beginners 
of any age. As, however, pupils twelve or fifteen years old 
will hardly be content to go slowly over exercises adapted 
to young children, it may be asked how these should proceed 
with the First Book. In reply, it may be said, that Chap- 
ter rV. of the First Book, upon the flower, and which contains 
the first part of the flower-schedule, is the only portion of it 
that is indispensctble to entering upon the Second Book. After 
this is acquired, there need be no diflficulty in using both books 
at the same time. 

I would suggest that an excellent way for older pupils to 
familiarize themselves with the plant characters pointed out 
in the First Book, is at once to set about the preservation of 
plants, as described in Chapter XXI. of the Second Book. 

They may begin by putting a variety of leaves in press, 
having first carefully compared them with the pictures and 
definitions of Chapter I., First Book. At each change of the 
driers, the features of these leaves will be observed, and the 
names denoting them recalled, and by the time they are dried 
for mounting, it will be possible, by the aid of the last sched- 
ule of the chapter, to write, upon the paper holding the spe- 
cimen, an accurate scientific description of it. Let this be fol- 
lowed by the pressing of entire plants, after comparing their 
different organs with the examples shown in the chapters on 
the Stem, Inflorescence, and Roots. The attention thus 
drawn to their characters will be kept alive in changing them 
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and caring for tbem, and the attempt completely to describe 
them, when dried and momited, will go far toward fixing in 
the mind ideas ot the forms and structures of the various 
organs, and the terms needed in description. 

But the constant temptation of such pupils will be toward 
haste and inadequate obseryation. The danger is that plants 
enough will not be collected, and that the parts of such as are 
collected will not be studied with sufficient care. The influ- 
ence of the teacher will therefore be constantly needed to 
check the too rapid passage of older pupils over that portion 
of Botany included in the primary book. 
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THE SECOND BOOK OF BOTANY. 



COURSE FIEST. 

DES CRIP TIVE BO TANY. 



CHAPTER I. 
THE FLOWER. 

With the present book, we are to continue the 
method of studying plants that was commenced with 
"The First Book of Botany." It is assumed that 
the pupil has begun the work of practical observa- 
tion, and made himself familiar with the general 
features of plants, as far as the " First Book " goes. 
As before, the indispensable condition of the method 
is, to collect a large variety of specimens to be stud- 
ied. The first duty of each pupil is, to assist in gath- 
ering these plant-specimens^ and this should be in 
every way encouraged, and positively required, by 
the teacher. 



EXERCISE I. 

Th^ Symmetry of Flwoers. 

Having gathered a variety of flowers, look care- 
fully at the pictures and definitions given in the fol- 
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lowing exercise. When you have found their mean- 
ing, you will be prepared to study your flowers. 

A Symmetrical Flower is one having the same 
number of parts in each of its whorls, or, if not the 
same, then multiples of the prevailing number. 



Fig. 1. 



Fig. 2. 




(^^- 



Qulnoiy SyoMnetiy. 




Quinary Symmetry (Gray). 



Figs. 1 and 2 represent a symmetrical flower. It 
consists of five sepals, five petals, five stamens, and 
five carpels. It would still be symmetrical if the 
number of sepals, or of petals, or stamens, or car- 
pels, were ten, twenty, or any multiple of five. 

A flower with its parts arranged in twos, or 
multiples of two, has dimercms^ or hinary symmetry 
(Fig. 3). - 



Fig. 8. 



Fig. 4. 





Binary Symmetry. 



Ternary Symmetry. 
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When the parts of the floral whorls are in threes, 
the symmetry is trimerousy or ternary (Fig. 4). 

When the parts are in fours, the symmetry is te- 
tramerous, or quaternary. 

When the parts are in fives, the symmetry is said 
to be jpervtamerouSy or quinary (Figs. 1 and 2). 

If you have the botanical charts, look at the mag- 
nified flowers represented on them, and point out the 
symmetrical ones, naming the kind of symmetry they 
exhibit. Then examine your living specimens. These 
will, of course, vary with the season. We will sup- 
pose, for example, that you have the pea, morning- 
glory, violet, portulacca, buttercup, Saint-John's- 
wort, hollyhock, potato-blossom, evening primrose, 
lily, etc. Decide which are symmetrical and which 
are unsymmetrical, placing the two kinds apart. Ee- 
examine the symmetrical ones, and tell which have 
binary, symmetry, which ternary, which quaternary, 
and which quinary. 

Binary — From the Latin Mnarivs, componnded of two, 
parts in twos. 

Ternary — ^Latin temarius, consisting of threes. 

Quaternary — ^Latin quatemarius^ containing four, hy fonrs. 

Quinary — Latin quinus, ^ye^ arranged in fives. 

Dimerous— From two Greek words, meaning twofold and 
part 

Trimerous — From two Greek words, meaning three, or thrice, 
and part, 

Tetramerous—Yrom two Greek words, signifying four and 
part. 

Pentamerous— From two Greek words, meaning Jive and 
part 
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EXERCISE II. 
Complete and Incomplete Flowers. 

The collection of flowers that in the previous ex- 
ercise were separated into symmetrical and unsym- 
metrical ones, may now be rearranged, separating 
the complete from the incomplete, according to the 
following definitions : 

Complete Flowers consist of calyx, corolla, sta- 
mens, and pistil (Fig. 5). 

Fig. 6. 



Complete Flowcx-. 

Incomplete Flowers have one or more of the 
floral whorls absent (Figs. 6 and 7). 

Fig. 6. Fio. 7. 




Incomplete Flower. Incomplete Flower. 
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Find npon the charts examples of complete aiid 
incomplete flowers. 

If any of the flowers present strange appearances, 
let tliem pass ; by-and-by, after further study, you can 
put them where they belong. 



EXERCISE III. 
Esseniiai Organs and BroUcting Organs. 

The chief purpose of the flower is the production 
of seed ; but, to this end, some of its parts are more 
necessary than others: for example, the action of 
both stamens and pistil is needed in the formation 
of seeds, while they are often produced without the 
presence of either calyx or corolla. The stamens and 
pistil are therefore called the essential organs of flow- 
ers ; and, as the calyx and corolla cover and nourish 
these, they have been called the protecting orga/as. 

Point out upon the charts the protecting organs 
of flowers. Point out the essential organs. Do you 
find both sets in all the flowers represented ? 

Examine your collection of flowers, and point out 
in each specimen the essential organs and the pro- 
tecting organs. 

Note. — The same kinds of flowers will be used over and 
over in observing their different features in successive exercises. 
But, as pui)ils proceed, new kinds should be constantly sought 
for, and, when obtained, they must be examined, with reference 
to all the points of the preceding exercises. New kinds of 
flowers are constantly opening as the season advances ; these, 
as they appear, should be observed with reference to all the 
points that have been before studied. 
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EXERCISE IV. 

DicMafnyd'eaus, Manochlamyd'eous, and AcIUa' 
myd'eous Flowers. 

When the protecting organs, calyx and corolla, 
are present in a flower, it is said to be dicTdamydeoua 
(Fig. 8). 

Fi&. 8. 




Dichlamydeous Flower (,6ray). 



When there is but one whorl of protecting organs, 
whatever its color or texture, it is called a calyx^ and 
the flower is monocJdamydeovs (Figs. 9 and 10). 



Fig. 9. 



Fig. 10. 




Monochlamydoous Flower. 



Monocblamydeous Flower. 



Digitized by VjOOQ IC 



THE FLOWER. 21 

A flower destitute of protecting organs is achlor 
mydeoua (Fig. 11). 

Fw. 11. 




Achhrnydeons Flower. 

Achlamydeous flowers are said to be naked. 

After observing the pictures, and reading the defi- 
nitions of this exercise, you may find upon the charts 
all the pictures of dichlamydeous flowers; of mono- 
chlamydeous flowers ; of achlamydeous, or naked, 
flowers. Then look over your living specimens again, 
putting the dichlamydeous ones by themselves ; the 
monochlamydeous ; the achlamydeous. Pay no at- 
tention to the doubtful instances ; there will be fewer 
and fewer of these as your observations proceed. 

Dichlamydeous— From two Greek words, signifying ttpice 
and nmntle, having two coverings, calyx and corolla. Both 
calyx and corolla. ^ 

Monochlamydeom^From two Greek wf>3r€g,,«i|J|Tfril(g!'^( I- 
gle and cloaJcj having a single covering; that isl a c^yx^^arithf^iit, j. 
a corolla, or a corolla without a calyx. AJ^wbi Av'iiflgl^ ttoteLf ' 
envelope. 

Achlamydeous — From two Greek words, signifying mthout 
and garment. Naked, having no floral envelope. 
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EXERCISE Y. 

Berfeetf Imperfectf and Neutral Flowers. 

Pictures, illustrating this and the following exer- 
cise, naay be found upon the charts. Living speci- 
mens of the kinds described will, perhaps, but rarely 
occur in the collections made for study. It would be 
well, therefore, to keep a constant lookout for them. 
You are likely to get them in this way before a long 
time, and a special search might not be successful. 



Fig. 12. 



Fig. 18. 



Fig. 14. 





A Perfect Flower. 



Imperfect Flowers. 



A Perfect Flower has both the essential organs 
(Fig. 12). 

An Imperfect, or Diclinous, flower has but one 
of the essential organs. If it have stamens only, it is 
said to be staminate (Fig. 13) ; if pistil only, it is said 
to be pistillate (Fig. 14). 
< ^(3if:fiiB3HLV^|l|9WERS are destitute of both stamens 

When"imf)erfect flowers are staminate (Fig. 13), 
they are said to be steriUj because they never produce 
seed. Sometimes they are spoken of as male flowers. 
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Fio. 15. 



A Neutral Flower. 

When imperfect flowers are pistillate (Fig. 14), they 
are said to be fertUe^ because they bear seed. They 
are also called female flowers. 

Perfect flowers, like Fig. 12, are said to be her- 
maphrodite^ because both sexes are united in the same 
individual. 

It will be well firmly to associate the following 
characters with the kinds of flowers they represent : 

A perfect flower is indicated thus, g . 

A staminate, sterile, or male flower, thus, ^ . 

A pistillate, fertile, or female flower, thus, ? . 

Look over the charts for examples of perfect, im- 
perfect, and neutral flowers. 

Diclin&ua — From two Greek words, signifying twofold and 
hedy having the stamens and pistils in separate flowers. 
2 
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EXERCISE VI. 

Monoecious, Dioecious, and JPoij/gamoua JPlants. 

When both staminate and pistillate flowers grow 
npon the same plant (Fig. 16), it is said to be mono^ 
dovs. 

Fig. 16. 



A Moncecioas Plant 

When staminate and pistillate flowers grow upon 
separate plants (Figs. 18 and 19), such plants are said 
to be dimcUms. Fig. 17 represents a pistillate flower 
from the female catkin (Fig. 18). Fig. 20 represents 
a staminate flower from the male catkin (Fig. 19). 
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These catkins grow upon different trees ; so the wil- 
low from which they were taken is dicecious. 



Fig. 17. 




Pistillate Flower, from 
Catkin (Fig. 18). 



Fio. 18. 




Fio. 19. 



Female Catkin of a Dicecious Plant. 
Fig. 20. 



Male Catkin of a Dioedoas Pfamt 



Staminate 

Flower, from 

Catkin (Fig. 19). 
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When staminate, pistillate, and perfect flowers 
are all found upon the same plant, it is polygamous. 

Point out upon the charts examples of monoe- 
cious, dioecious, and polygamous plants. 

Let the pupil answer the following questions con- 
cerning each flower of his collection : 

Is your flower symmetrical or unsymmetrical ? 

Is it complete or incomplete ? 

Is it dichlamydeous, monochlamydeous, or achla- 
mydeous ? 

Is it perfect or imperfect ? 

Did it grow upon a monoecious, dioecious, or po- 
lygamous plant ? 

Moncecious—'FTom two Greek words, signifying single and 
house, having the stamens and pistils in distinct flowers, bnt 
both growing upon the same plant. 

Dmeious — From two Greek words, signifying two, or double, 
and house, having the stamens on one plant and the pistil on 
another. 

Polygamous — From two Greek words, polus, many, and 
gamos, marriage, having both perfect and imperfect, or dicli- 
nous, flowers. 



EXERCISE YII. 

Farm of the Beceptcuile and Insertion of Floral 
Organs. 

Insertion. — ^In botanical language, organs are said 
to be inserted at the place from which they apparently 
arise. For instance, in Fig. 21 it will be seen that 
the pistil is inserted upon the receptacle, the stamens 
are inserted upon the corolla, the corolla is inserted 
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upon the receptacle, and the calyx also is inserted 
upon the receptacle. 

Fio. 21. 



Look at the magnified flowers shown in section 
on chart 1, and point out the receptacle in each case. 
Are all these receptacles alike in form ? State, in re- 
gard to each flower, where the pistil is inserted ; where 
the stamens ; where the corolla ; and where the calyx. 
Which floral whorl in each flower occupies most space 
upon the receptacle ? Are these flowers perfect ? Are 
they complete ? Are they symmetrical ? 

Repeat these observations upon the magnified 
flowers shown in section in chart 2 ; in charts 3, 4, 5, 6. 

Make a longitudinal section of each of your liv- 
ing flowers, and look for the insertion of the floral 
organs. If you sometimes fail to discover it, do not 
be discouraged. It will not, of course, be as clearly 
visible as it is shown to be on the chart. Try again 
another time. Make frequent attempts, as failure is 
often due to lack of experience. 
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EXERCISE VIII. 
On JPoiyandrous Stamens* 

We now take up the study of the flower at just 
the pomt where it was left in " The First Book of 
Botany.-' While using that book you learned the 
names of the floral organs, and observed their num- 
ber. You also examined the calyx and corolla to 
learn whether or not their parts were grown to- 
gether. If the sepals were not grown together, the 
calyx was described as polysepalouSy and, if they were 
grown together, it was said to be ffamosepalotis. So, 
also, when the petals of the corolla were distinct, the 
corolla was said to be polypetaloiosy and, when grown 
together, gcmiopetalous. 

We will proceed to an examinatfon of the essen- 
tial organs in this respect. 

Gather all the flowers you can find, and observe 
the stamens^ to see if they are grown together. Put 
aside all that have united stamens, whatever their de- 
gree of union. 

Now inspect the flowers with distinct stamens, 
and put by themselves all that have more than twelve. 

A flower with more than twelve distinct stamens 
is said to have its stamens mdefinite. 

They are definite when there is a fixed number 
not above twelve. 

Separate those with indefinite stamens, and label 
them polyandrous (from poly^ niany, and andHa^ 
stamens), which means many distinct stamens. 

Now examine the flowers with definite stamens, 
and label each one with the name that, in the foUow- 
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ing table, is placed opposite its number of stamens. 
The Greek numeral prefix denotes the number of 
distinct stamens : 

Mon-androus— one stamen. Hept-androns — seven stamens. 
Di-androns — two stamens. Oct-androns— eight stamens. 
Tri-androns — ^three stamens, ilnne-androos — ^nine stamens. 
Tetr-androns — ^four stamens. Deo-androus — ten stamens. 
Pent-androns — five stamens. Dodec-androns — twelve sta- 
Hex-androus — six stamens. mens. 

Poly-androns — ^more than twelve. 

Like the word polyandrous, these terras apply 
only to distinct stamens ; at the same time they have 
the important advantage of giving the precise number. 

But, if a tetrandrous flower has two stamens long 
and two short (Fig. 22), it is said to be didynamou8^ 

Pw. 2«. Fig. 28. 



Dadynamoas StameiiB. Tetradjiuunons Stamens. 

and, if an hexandrous flower has four stamens long and 
two short (Fig. 23), it is said to be tetradynamow. 
These words, applied to the stamens of a flower, 
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give at the same time their number, the fact that they 
are distinct, and the proportion of long to short ones. 
Can you find upon the charts any flowers with 
tetradynamous stamens ? Have any of them didyna- 
mous stamens ? 



EXERCISE IX. 
The Growing together of Stamens. 

Having disposed of all your flowers with distinct 
stamens, next examine those with united stamens. 

First observe whether they have grown together 
by their fllaments, or by their anthers. All those 
having their anthers united, whether into a tube, 
around the pistil, or in any other way, may be put 
together and Libelled syngenesious (Figs. 25 and 26). 

Fig. 24. Fig. 25. Fig. 26. 




Syngeneslons Stamens. Syngenesious Stamens. 
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Fig. 24 shows this tube laid open. Those that have 
grown together by their filaments have to be farther 
studied. Are all the filaments grown together in 
one bundle ? If so, the stamens are monaddphoua 
(Fig. 27). 

Are they grown together in two bundles ? Then 
they are diaddphouB (Fig. 28). 

Fio. 27. Fio. 28. 




Monadelphoas Stamens. Dladelphous Stamens. 

Are they in three or more bundles? Then we 
say they are polyaddfphous (Figs. 29 and 30). In 
Fig. 29 one bundle is cut away. 

Fio. 29. Fzo. 80. 



Tri- or Polyadelphoas. Polyadelphous. 



Digitized by VjOOQ IC 



32 THE SECOND BOOK OF BOTANY. 

The number and length of the hard words in this 
exercise may embarrass the pupils, but a little use will 
make them familiar, and they will then greatly help 
the process of description. 

Collect all the plants in the neighborhood, from 
garden, road-side, fields, and woods, and in describing 
their stamens you will become well acquainted with 
all the necessary terms. 

Syngeneaiom (mn, Gr., together ; genesis^ origin). 
Monadelphom (monoSy Gr., one ; adelpho^^ brother). 
Diadelphous (dis, Gr., twice). 
Polyadelphous {polus^ Gr., many). 



EXERCISE X. 
The Groudng together of Carpels* 

You have been accustomed to counting the car- 
pels of flowers, and you are now to find whether or 
not they are grown together. 

All such as are not grown together at all you may 
label apocarj>oys (Fig. 31). 

Fio. 81. 




Apocarpous Pistil. 
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Those that are grown together, whether slightly 
at the base of the ovary or through the whole length 
of the pistil, you label syncarpovs (Figs. 32 and 33). 

Fig. 82. Fio. 88. 




Syncarpoua PlatiL Syncarpous PistlL 

Find all the apocarpous ovaries pictured upon the 
charts. All the syncarpous ones. 

Find also the apocarpous ovaries in your collec- 
tion of flowers. The syncarpous ones. 

For this exercise, faded flowers, and even those 
that have lost their floral leaves, will serve better 
than such as are freshly opened. 

Apocarpous (apo, Gr., apart ; karpoa, fruit). 
Syncarpous (sun^ Gr., together ; Joarpos^ fruit). 

Cohesion. — In botany this word is used for the 
growing together of parts with their fellows, as of 
petals with petals, carpels with carpels. Figs. 38 and 
42 illustrate this. 

TVe now resume the use of the schedule in its appli- 
cation to the examination and description of flowers. 
The last schedule given in "The First Book" 
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had the word description written over its third 
column, and under this title could be placed all 
kinds of observations. But, as in this book we enter 
upon more carefiil and minute work, we shall be 
much aided in arranging our discoveries by adopt- 
ing the plan of Prof. Henslow, who places the word 
cohesion above this column, and devotes it to obser- 
vations upon the cohesion of parts in flowers. 

Fig. 34 represents half a buttercup. It has been 
sliced down through the middle, making what is 
called a vertical section of the floweY, that you may 
see the structure of the stamens and pistil. This 
flower is used for the first schedule because of its 
simplicity, its parts being all quite distinct from each 
other. It is without cohesion, and, in describing it, 
you have to use terms which apply to distinct sta- 
mens and carpels. 

The learner will, of course, provide himself with 
a real flower, and fill out a schedule from his own ex- 
amination of it. The buttercup is easily found, for 
it grows almost everywhere, and blossoms through- 
out the summer. I must insist that the pupil be not 
content with simply looking over the description in 
the book. The example is given, not as a substitute 
for your own effort, but as a means of testing your 
observations ; of letting you know whether your own 
way of carrying out the schedule description is the 
correct one. Any lack of confidence you may feel in 
beginning a new process will disappear upon find- 
ing that your own observations and expressions agree 
with the printed ones. A schedule or two thus em- 
ployed, when you are beginning to use new terms, 
will assist you in gaining self-reliance. 
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Schedule First, describing Fig. 34, gives tliis ar- 
rangement : 



SCHEDnJE FotST. 



Organs. 


No. 


Cohesion. 


Calyx? 
Sepals. 


5 


Polysepalous. 


Corolla? 
Petals. 


5 


Polypetalous. 


Stamens ? 


QO 


Polyandrons. 


Pistil? 
Carpels. 


00 


Apocarpous. 



Questions ujyon the Buttercup {Fig. 34) and Schedvle 
First. 

Is there cohesion in the calyx ? 

What word in the schedule expresses this ? 

Is there cohesion in the corolla ? 

How is this stilted in the schedule ? 

Are the stamens definite or indefinite ? 
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Are they grown to each other? 

What word in the schedule answers this question ? 

Do the carpels cohere ? 

How is this expressed ? 

Qv£stion8 reviewmg the Subject of Cohesion in the 
Parts of a Flower. 

What is meant by cohesion in botany ? 

How do you describe a calyx with no cohesion 
(Fig. 35)? A corolla (Fig. 37)? Stamens (Exercise 
Vin.)? Pistil (Fig. 41) ? 

When the sepals are coherent, how do you de- 
scribe the calyx (Fig. 36) ? The corolla (Fig. 38) ? 

Fio. 85. Fig. 86. 





Polysepaioutf, no Cohesion. QamoBepabus, coherent 

When stamens cohere by their anthers, what word 
do you use in describing them (Figs. 24, 25, and 26) ? 

When, by their filaments in one bundle, what 
word is used (Fig. 27) ? 

In two bimdles (Fig. 28)? 

In three or more bundles (Figs. 29 and 30) ? 

How do you describe a coherent pistil (Fig. 42)? 

There are a few common flowers found every- 
where in the country, in which there is no cohesion ; 
but, in most flowei's, the parts of some of the floral 
circles will be found more or less united. 
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Fio. 87. 



PolypetalooB, no Cohesioa. 



Fig. 88. 




Gamopetalous, coherent. 
Fxo. 4a 



Po^Tandroiu, Stamens not coherent 
Fio.41. 




Apocarpous, no Cohesion. 



Triadelphoos, Stamens coherent 
Fig. 43. 



Syncarpoas, coherent 
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Figs. 43, 44, and 45 represent the flower of the 
Saint-John's-wort. Fig. 44 is a vertical section of 
the flower, and Fig. 45 one of the bundles of sta- 
mens. 

Fig. 48. 



Fig 44. 



Fig. 45. 
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Schedule Second, describing Fig. 44, is an ex- 
ample where cohesion of stamens and pistil is de- 
scribed. 



SCHXDITLB SSOOVD. 



Organs. 


Na 


Coheskm. 


Calyx? 
Sepals. 


5 


Polysepalous. 


Corolla? 
PetaU. 


5 


Polypetalous. 


Stamens? 


00 


Tri- or Polyadelphous. 


Pistil? 
Carpels. 


3 


Syncarpous. 



By turning to page 48 you will see that another 
column is there added to the schedule. After three 
more exercises, which introduce new observations and 
new terms, this addition becomes necessary. Your 
attention is called to it now, to give urgency to the 
advice that you make diligent use of the present 
schedule in describing all kinds and degrees of co- 
hesion in all sorts of flowers. If you do this, when 
the time comes to add this third column, your mind 
will be free to attend to the new features that belong 
to it. The terms expressing cohesion being familiar, 
there will be no confiision of thought, and you will 
enter upon the new observations with ease and pleas- 
ure. 
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Organs. 


No. 


Ck>be8ion. 


Calyx? 
Sepals. 


5 


Polysepalous. 


Corolla? 
Petals. 


5 


Polypetalous. 


Stamens ? 


10 


Monadelphous. 


Pistil? 
Carpds. 


5 


Syncarpous, 



EXERCISE XT. 

Union of Floral WharU with each other—Calyx 
and risHi. 

In your study of fruits (" First Book of Botany," 
Ex. LXVII.) did you always find the calyx at the 
base of the ovary ? 

Have you ever seen upon the apex of ripened 
fruit the withered calyx, or the scar left by its fall ? 

Point out upon the charts all the cases where the 
calyx is below the ovary. 

Point to those where the calyx is above it. 

Is the calyx in all the pictures upon the chart 
either at the base or at the apex of the ovary ? 

For this exercise select flowers that have their 
parts so well developed that you can see distinctly 
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where each organ is inserted. Take, for example, 
the morning-glory, and observe whether the calyx 
arises below the ovary or not. If you find it is in- 
serted below the ovary, label it calyx below, or infe- 
rior (Fig. 47), and lay it aside. If the calyx is in- 
serted above the ovary, label it calyx above, or supe- 
rior (Fig. 48). Of course, if the calyx is below the 

Fio. 47. Fio. 48. Fio. 49. 



> 



/ 



Inferior Calyx. Superior Calyx. 

Superior Ovary. Inferior Ovary. 



ovary, or inferior^ the ovary will be above the calyx, 
or superior; and, when the calyx is mperior^ the 
ovary will be inferior. 

Examine all your flowers in the same way, giving 
each its proper label. If some specimens have the 
calyx inserted neither at the bottom nor at the top 
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of the ovary, but somewhere along its side (Fig. 50), 
you describe these as having the calyx half inferior, 
and the ovary half superior. 

Fig. 50. 




Calyx, half inferior.— Oraiy, half soperlor. 



Note. — ^When the calyx seems to be inserted at the top of 
the ovary (Rg. 48), yon are to regard it as really inserted on 
the receptacle, but as having its tube grown to the ovary, and 
so appearing to be inserted at its summit. The words superior 
and ir^ferior came into use before the real relation of the parts 
was understood. The tme expression is ** calyx adherent to 
ovary," in place of calyx superior ; and " calyx free from 
ovary," in place of calyx inferior. But the words superior 
and inferior are in general use, and, being short, are retained 
in schedule description. 



EXERCISE XII. 

The Union of Floral Whorls tvUh each oiher.-- 
Corolla. 

You are now to determine the insertion of the 
corolla. 

Compare the ari'angement of parts in each of your 
flowers with that shown in Fig. 51, and, when you 
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find the corolla inserted below the ovary, and free 
from the calyx, label the specunen corolla, hyj>ogynovs. 

Fio. 51. 



GoroUa, hTpogynoiu (Gray). 

Examine the remainder of your flowers, and, when 
you find one with the corolla inserted, as shown in 
Fig. 52, say corolla upon the calyx, or perigynous. 

Fig. 52. 



Corolla, perigynouB (Gray). 

How is the corolla inserted in Fig. 53? Point 
out upon the charts where the corolla has a similar 
insertion. 

Look at the flowers not yet described, and, if you 
find cases where the corolla is inserted upon the 
ovary, describe them as epigynousy fi'om epiy upon, 
and gyniay pistil (Fig. 53). 
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Fig. 58. 



CoroDa, epigynoiu. 

If not quite certain about these characters in your 
specimens, write your label with a mark of interro- 
gation, to show doubt. Do not be discouraged if 
these points of structure remain for some time trouble- 
some ones to discover. Try to find them out, and, if 
you succeed, it is well ; but, if not, it is well also. 

As some flowers upon the same plant are more 
perfectly developed than others, you should gather 
several of each kind, and examine them all, to find 
the best examples of the structure you are studying. 

Look at the flowers in chart 1, and observe in 
each case whether the corolla arises from the re- 
ceptacle, and whether the calyx is free from the 
corolla. 

Find upon the other charts all the cases where the 
corolla is inserted under the ovary, and is free from 
the calyx. 

Observe the flowers on chart 2. Where is the 
corolla inserted in these figures ? Can you find upon 
the other charts any pictures of flowers where the 
corolla has a similar insertion ? 
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EXERCISE XIII. 

Union of Floral Whorls with each other— Stamens. 

If the stamens have the same insertion as the 
corolla, use the same words to describe them. ^ For 
instance, in Fig. 64 the stamens are hypogynov^ ; in 
Fig. 55, perigynovs ; in Fig. 56, epigynous. 

Fio. 54. 



stamens, hjpogynous. 
FiQ. 56. Fig. 56. 



Stamens, perigynous. Stamens, epigynous. 

When you find them arising from the corolla, as 
seen in Fig. 57, they are said to be epipetalovs. 
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Sometimes they are consolidated with the pistil, 
as shown in Fig. 58 ; then they are gynandrousj or 
upon the pistil. 

Fio. ST. Fio. 68. 



c 



Epipetolous Stamens. Oynandroas Pistil. 

Examine all the flowers yon can find, and label 
them by the insertion of the stamens ; as, stamens 
imder the ovary, or kypogyruyus ; stamens upon the 
calyx, or perigynous ; stamens upon the ovary, or 
epigynous ; stamens upon the corolla, or epipetalous; 
stamens consolidated with the pistil, or gynandrous. 

Adhesion in botany means the growing together 
of different floral whorls, while cohesion^ as you have 
seen, means the growing together of the parts of the 
same whorl. 

The word free is used to express absence of ad- 
hesion, and the word distmcty absence of cohesion. 

In Fig. 59 there is neither cohesion nor adhesion. 

Fig. 59. 




Parts, distinct.— Orguasy free. 
8 



Digitized by VjOOQ IC 



48 



THE SECOND BOOK OF BOTANY. 



Not only are the sepals and petals distinct from 
each other, not only is each stamen and each carpel 
distinctj but the whorl of sepals is inserted upon the 
receptacle, and is free from the whorls within it. 
The corolla is inserted upon the receptacle, and is 
also free. The stamens and pistil are also inserted 
upon the receptacle, and are likewise free. 



Fig. 60. 



The last column of Schedule Fourth is for the 
record of observations on adhesion. 



SCHSDULB FOUBTH. 



Organs. 


No. 


Cohesion. 


Adhesion. 


Calyx? 
Sepals. 


6 


Polysepalous. 


Inferior. 


Corolla? 
Petals. 


5 


Polypetalous. 


Hypogynous. 


Stamens ? 


00 


Polyadelphous. 


Hypogynous. 


Pistil? 
Carpels. 


3 


Apocarpous. 


Superior. 
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Qtiegtions upon the Butteismp {Fig. 60) and its 
Schedule. 
Is the calyx free or adherent % 
How is this expressed in the schedule ? 
Where is the corolla inserted ? 
How is this stated in the schedule ? 
Are the stamens free or adherent? 
Where are they inserted ? 
How is this expressed in the schedule ? 
Is the pistil free or adherent ? 
How is this written in the schedule ? 

We have now reached the complete schedule of 
Prof. Henslow, which he called the flower-schedule, 
and which was used by his classes both at Cambridge 
Univei'sity and at his parish school at Hitcham. Com- 
plaints have been made that it was diflicult. Pupils 
who conmience its use before they fully understand 
the features of plants to which it calls attention, will, 
no doubt, get confused when they attempt to fill up 
the blanks one after another, but those who have ex- 
amined a variety of flowers, in connection with the 
foregoing pages, will have no such trouble. 

The presence or absence of cohesion and adhe- 
sion in flowers is of great importance in determining 
the relationships of plants, and scholars cannot do 
better than continue the use of this schedule through- 
out the summer season, along with the making of 
an herbarium. Do not fail to fill out schedules of 
the following flowers, from your own obsei^vation. 
Never write a word of description unless it be of 
something your own eyes have seen, and that you 
could point out to any one who might contradict you. 
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Be careful not to copy statements from the book. 
I have known cases where the book was made wrong 
on purpose to mislead unwary and indolent scholars. 



Pig. 61. 



Fig. 61 represents a flower of cow-parsnip. That 
of the carrot, or any umbelliferous plant, will do as well. 

We give some further examples of the use of the 
schedule in flowers of very unlike structure. 



SoHBDULE Fifth. 



Organs. 


No. 


Cohesion. 


Adhesion. 


Calyx? 
Sepals. 


5 


Gamosepalous. 


Superior. 


Corolla? 
Petals. 


5 


Polypetalous. 


Epigynous. 


Stamens ? i 5 

i 


Pentandrous. 


Epigynous. 


Pista? 

Carpels. 


2 


Syncarpous. 


Inferior. 
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Fig. 62 shows a vertical section of the flower of 
daffodil. It is common enough in gardens ; but, if 
there are pupils who can get neither this flower, nor 
the jonquil, nor the snow-drop, they can certainly 
flnd a lily of some kind, wild or cultivated, and ob- 
serve the features in which it is unlike this picture. 

Pig. 62. 



SoHSDULB Sixth. 



Organs. 


No. 


CobesioiL 


Adhesion. 


Perianth? 
Leaves, 


6 


Gamophyllous. 


Superior. 


Stamens ? 


6 


Hexandrous. 


Perigynous. 


Pistil? 
Carpels. 


3 


Syncarpoug. 


Inferior. 
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Fig. 63 is a blossom of wild geranium. Figs. 64 
and 65 are the stamens and pistil of the same. The 
flower of the garden geranium will serve in its place, 
if it can be more easily obtained. In Fig. 70 this 
pistil is again show^n. 



Fio. 68. 



Fio. 64. 



Fm. r>\ 



SCHBDULB SSYENTH. 



Organs. 


No. 


Cohesion. 


Adhesion. 


Calyx? 
Sepals. 


5 


Polysepalous. 


Inferior. 


Corolla? 
Petals. 


5 


Polypetalous. 


Hypogynous. 


Stamens ? 


10 


Decandrous. 


Hypogynous. 


Pistil? 
Carpels. 


5 


Syncarpous. 


Superior. 
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EXERCISE XIV. 
The Beceptads* 

The peculiarities of plants pointed out in this 
and the following exercise are not very common. 
But pupils who are using the flower-schedule, and 
collecting all the plants they can find, will be sure to 
meet with examples of them sooner or later. These 
exercises should, therefore, be carefully read, and 
borne in mind, so that, when the features they de- 
scribe are met with, they may be recognized. 

Before passing to the more minute observation of 
the floral organs, the receptacle requires further study. 
You have seen it forming a central convexity, like 
that of Fig. 66, and gradually expanding into a 
structure like Figs. 67 and 68. Sometimes the re- 

Fio. 6fi. 



Convex Receptacle. 
Fw. er. Fig. 68. 



Beoeptade, enlarged, and shown in Section. The same, fiilly developed. 
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ceptacle is prolonged between the carpels, and co« 
lieres with their styles, which separate from it at 
maturity, as seen in Figs. 69 and 70 (Gray). 



Fig. 69. 



FtQ. TO. 



(Gray). 




(Gray). 



It sometimes appears as a cup-shaped depression 
(Fig. Yl), in which the pistil is almost concealed, and 
again as shown in Fig. 72. 



Fig. 71. 



Fig. 72. 



Cup-shaped Receptacle (after Gray). 



Elevated Fleshy Beoeptacle. 
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Whenever the receptacle becomes elongated, so 
that one circle of floral organs is separated from 
another by a stalk-like intemode, the circle thus 
raised is said to be stipUatey and the stalk supporting 
it is called a stipe. In Figs. 73 and 74, the stamens, 
pistil, and corolla, are stijntatej and the stalk which 
bears them is the stipe. 

Fio. 78. 



a, Anthophore. 



Fig. 74. 



Fio. 75. 



a, Anthopaore. 



&,Gonophore; a, Oynophore, 
GyDobase, or Carpophore (Gray). 
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When the stipe supports corolla, stamens, and 
pistil, it is called an anthophore (Fig. 73). When it 
supports only stamens and pistil, it is known as the 
gonophore (Fig. 75, h) ; the gynophore^ gynobase^ or 
ca/rpopJwre^ when it bears the pistil alone (Fig. 75, c). 

Thalamus — The receptacle of the flower, or the part of the 
peduncle into which the floral organs are inserted. 
Torus — Another name for thalamus. 
Receptacle (reeipio^ I receive). 
Thalamus — A bed. 
Torus — ^A couch. 



EXERCISE XV. 
Append€ige8 of the Receptacle. 

Examine the receptacle in the magnified flowers 
upon charts 1, 2, 3, and 4. 

Carefully observe the space between the calyx and 
ovary in the figures opposite. You see a sort of fleshy 
cushion at the base of the ovary in one case, at the 
base of the style in another. The raised rim around 
the pistil is called a dish It takes on very different 
shapes in different plants. In Figs. 76 and 77 it is 
merely a raised cushion ; in Fig. 78 it is seen partly 
enclosing the ovary. 

In Figs. 79 and 80 the disk is seen surrounding 
the ovary, while in Figs. 81 and 82 it is shown above 
the ovary, and at the base of the style. 
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Fig. 77. Fia. 78. 





Hypogynous Disk. HTpogynoiu Disk. 

Fio. 7». 



Hypogjiioiu Disk 




PerigynoQA Disk. 



Epigynoos Disk. Epigynous Disk. 
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Tlie little glands upon the receptacle are known as 
nectaries. They contain sweet fluids, and are found 
among the stamens (Figs. 83 and 84), or at the base 
of the pistil, forming a part of the disk (Figs. 85, 86, 
and 87). 



Fio. 88. 



Fig. 84. 



Fig. 85. 



Fig. 86. 



Fig. 87. 




"^TT^ 
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coMPAsnro ahd cLAssxFrnro PLAHra 



EXERCISE XVI. 

Plant Characters and Affinities. 

You are now to take a step forward in the study 
of plants. Having acquired considerable knowledge 
of their parts by direct observation, you will begin 
to compare them — to note their resemblances and 
differences as wholes, and, by these resemblances, to 



Digitized by VjOOQ IC 



60 THE SEOOND BOOK OF BOTANY. 

arrange, or group, them in a systematic way. This 
is classification. 

You have been doing something of the kind ever 
since you commenced observing plants. For in- 
stanc^e, those with parallel-veined leaves have been 
classed by themselves, and those with flowers in um- 
bels have been associated together^ and kept distinct 
from such as blossom in heads or in panicles; but 
your groupings have thus far been made upon single 
features of plants, as was inevitable in the beginning 
of study. You are now prepared to grasp at once in 
thought more parts of structure, and make your com- 
parisons more full and complete. 

If, for example, you have put into one group all 
square-stemmed plants, simply because they have 
square stems, it is time to consider whether these 
plants are alike in other features. " Oh, yes," some 
of you will say, " they have opposite leaves." Well, 
look at their inflorescence ; do they all agree in that? 
Is it always axillary ? Are the flowers similar in all 
the square-stemmed plants you know ? Wlien you 
have answered these questions, you will understand 
what I mean by studying plants as wholes. 

And now, how shall you set to work ? 

First, provide yourself with the following plants : 
The buttercup (which is found almost everywhere), 
the wild- columbine, and the poppy. If the columbine 
is not to be found, get monk's-hood, or larkspur, or 
anemone, and proceed with them in the way pointed 
out for the columbine. If the poppy cannot be 
found, you might substitute blood-root, or celandine. 
Having got the plants, proceed according to the plan 
laid down, and do not accept the statements or con- 
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duBions of the book, unless, on comparing them with 
your own plants, you see that they are true. 

There are two botanical expressions, of which, at 
the outset, you should learn the meaning. One of 
these is the ckaraders of jilants^ and the other the 
affinities of plants. And, first, what is meant by 
plantrcharactersf 

If you will describe a buttercup, I think we can 
easily find just what is meant. 

You say, " Calyx, sepals, 5, polysepalous, inferior ; 
COROLLA, petals, 5, polypetalous, hypogjnous; sta- 
mens, many, hypogynous ; pistil, carpels, many, apo- 
carpous, superior." Yes; but what about the rest 
of the plant? You answer: "It has simple, exstipu- 
late, alternate, divided leaves; petiole spreading at 
base ; stem, erect ; flowers, in a loose cluster ; juice, 
watery, acrid. 

Now, this is the description of a particular but- 
tercup, and yet it applies to all buttercups. Are all 
buttercups, therefore, exactly alike ? By no means. 
They difler in size, shape, thriftiness, number of 
blossoms, etc. ; but, in our botanical description, wc 
do not record these individual peculiarities. 

Well, the points of form and structure in which 
all buttercups agree, that is, their permanent feat- 
ures^ are called by botanists the characters of the 
buttercup. All such unchanging features of plants 
are plantrcharacters. A plant is simply an assem- 
blage of characters, and the description of a plant is 
but a list of its characters. 

Now, it is by comparing groups of characters that 
we reach the idea of affinities. If, as we have seen, 
each plant bears a fixed group of characters, the re- 
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semblance of one plant to another is only the resem- 
blance of one group of characters to another. Let 
us make such a comparison between the buttercup 
and columbine. 

Do not rely upon the descriptions in the book, 
but make similar tables yourself. 



BuTTEBOUP.— Flower, 

Ca^ya;.— Sepals, 6, poljsepa- 
lous, inferior. 

Corolla. — Petals, 6, polypeta- 
lous, hypogynous, obcordate, 
yellow. 

Stamens, — oo, hypogynous. 

Pistil. — Carpels, oo, apocar- 
pous, superior. 



Columbine. — Flower, 

Calyx, — Sepals, 5, polysepa- 
lous, inferior, colored like 
the petaJs. 

CiwoZfe. —Petals, 5, polypeta- 
lous, hypogynous, spurred, 
red. 

Stamens. — oo, hypogynous. 

Pi8<t7.— Carpels, 6, apocar- 
pous, superior. 



Comparing the above lists, you see agreements 
and differences. The calyx and corolla of one plant 
agree with those of the other in number of parts and 
in the position of parts. They differ only in color 
and outline. The stamens of one are like those of the 
other in being numerous and hypogynous. The pis- 
tils agree in structure, but differ in the number of 
carpels. H you compare the leaves, stems, inflores- 
cence, etc., you also get a list of their resemblances 
and differences. This is comparing plants by the 
groups of characters they present. 

ITiese resemhlanGes of character among plants are 
called their affinities. 

The degree of affinity between plants depends 
upon two circumstances: first, upon the hind of 
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characters in which they agree; and, second, upon 
the number of characters in which they agree. 

The characters of plants differ in importance* 
Such kinds of character as color, size, and odor, 
being usoally more variable than such kinds as 
position, size, and number, they are said to be less 
important than these. The characters of the leaf, 
for the same reason, are not usually as important as 
the characters of the flower. In the beginning of 
study, you may safely assume that those plants are 
most alike, have the strongest affinities^ that re- 
semble each other most in the characters recorded m 
the cohesion and adhesion columns of the schedule. 

To make this plainer, compare the poppy and 
buttercup, as, before^ you compared the columbine 
and buttercup. 



BUTTKKOUP. 

Calyx, — Sepals, 6, polysepa- 

lous, Inferior. 
Corolla, — Petals, 6, polypeta- 

loos, hypogynous. 
^tom^tw,— Polyandrous, hypo- 

gynous. 
PUtU, — Carpels, many, apo- 

carpons, superior. 
Zeac«.— Net-veined, divided. 
«7wic«.— Watery*. 



Poppy. 

Calyx, — Sepals, 2, polysepa- 

Ions, inferior. 
Corolla, — Petals, 4, polypeta- 

lous, 'lypogynous. 
Stamens, — Polyandrons, hypo- 

gynoos. 
PM<f7.— Carpels, many, syn- 

carpoas, superior. 
Leases, — Net-veined, divided. 
Juice, — Milky. 



To find which has the strongest affinity for the 
buttercup, the columbine, or the poppy, all that is 
necessary, at present, is, to ascertain which of them 
is nearest like the buttercup in respect to cohesion 
and adhesion of the parts of the flower. 
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On examination, you see that the columbine, like 
the buttercup, is perfectly destitute of cohesion, while 
in the poppy you have a coherent, or syncarpous, 
pistil. This settles the question. The aflSnity of the 
columbine for the buttercup is greater than that of 
the poppy. 

If you compare their leaves, you will find those 
of the poppy more like buttercup-leaves than are 
those of the columbine, but differences in leaf-struct- 
ure do not usually signify as much in classification 
as differences in the pistil. 

Compare, in the same way, the hollyhock and the 
Saint-John's-wort with mallows, and decide which has 
the strongest affinity for the mallows. 

Compare the flower of the locust and of the gera- 
nium with that of the pea or bean. 

I mention these plants, not because they are use- 
ful above all others for your purpose, but to start you 
in the work. It really matters little what plants you 
take, if you only carefully compare the group of 
characters of each one with that of the others, and 
endeavor to discover the affinities they present. 



EXERCISE XYII. 

Haw to begin CiassiftcatUm, 

If you have made the comparisons pointed out in 
Ex. XVI., you are prepared for an explanation of the 
plan by which you are to begin to classify plants. As 
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we made use of the buttercup and columbine to learn 
the meaning of affinity in botany, a little further 
statement about them will, perhaps, be helpful be- 
fore we pass to the regular work of the exercise. 

The buttercup is said to be more thrifty, more at 
home in low, damp places. It is like frogs in this 
respect ; and, because of this, it is named after them. 
Its botanical name is EanimculvSj from Rana^ a frog. 
The Ranunculus has certain characters with which you 
are familiar. Now, when you find other plants which 
are very much like it, that is, which present nearly the 
same group of characters, particularly those of cohe- 
sion and adhesion, you class them with it, you say 
they belong with the buttercup ; or, in more botani- 
cal language, they belong to the Eanunculacese. In 
some regions this plant, from the form of its leaf, is 
called the Crowl'oot, and plants closely resembling it 
are said, therefore, to belong to the Crowfoot family. 
Now, the resemblance of the columbine to the butter- 
cup entitles it to belong to the Ranunculaceae. ^ The 
monkshood and larkspur also belong to the same 
family, and this will give you some idea of the degree 
of similarity that should exist between members of 
one family. 

Our object in the present exercise is, to fix upon 
a method by which to begin the work of classifying 
plants, by comparing the groups of characters they 
present, and putting together those that are most 
alike. 

Get a pocket note-book. Write in it, boldly and 
plainly, the flower-schedules of the following plants : 
Buttercup, shepherd's-purse, mustard or radish, catch- 
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fly, mallows, Saint-John's-wort, clover, pea or bean, 
wild-rose, strawberry, geranium, violet, morning- 
glory. 

Now, why have we put these particular schedules 
into the note-book ? Compare th«m with each other. 
Do you not see that the statements in the cohesion 
and adhesion columns are widely unlike? This is 
why we have chosen them. They are so many dif- 
ferent patterns of the make-up of flowers, and you 
have simply to compare each flower you describe with 
one and another of these patterns, to see which is the 
best fit. If none of them fit at all, then set up your 
new acquaintance as another pattern, and see if you 
can find any of its relations in the course of the sum- 
mer. So, do not confine yourself to comparisons be- 
tween your specimens and the patterns in your note- 
book. Compare them freely with each other, and 
you will soon have many little collections of plants 
bearing very strong resemblances to each other. 

Your thought will be something like this : While 
you are observing and describing a plant, you will 
ask yourself, " Have I ever before described one like it 
in the matters of cohesion and adhesion ? '' If you 
can think of none, you will try to recall those near- 
est like it. By pursuing this plan, you will be sur- 
prised to find how quickly many of the plants of a 
region, that were never before thought of as at all 
alike, fall into company on the ground of these deeper 
resemblances which your studies have led you to dis- 
cover. 

The reason why you are set systematically to clas- 
sifying plants now, and have not been asked to do it 
before, is, that among the characters of plants that 
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belong to roots, leaves, stems, etc., there are none 
that are so uniform throughout large numbers of dif- 
ferent plants as these features of cohesion and adhe- 
sion in flowers. Since you began to observe plants, 
you have not been taught to notice any points of 
structure that would servo so well for uniting plants 
into groups, the members of which are truly and 
somewhat nearly related to each other. 

But the grounds on which you are to begin to 
classify plants, although important, and, in many 
cases, quite suflicient, are not the only ones on which 
classification is based. Though they may sometimes 
be found too narrow, yet you must begin somewhere, 
and, to make your beginning as free as possible from 
complexities, you start with the features named in the 
flower-schedule. In working with this, much of your 
experience will be clear and satisfactory, but you may 
meet with difficulties. By-and-by, however, the sub- 
ject will be resumed, and, if you have sometimes been 
confused and puzzled in classifying by the flower- 
schedule alone, new ideas will be all the more wel- 
come. 

Students who have the botanical charts will find 
them very helpful in the work of classification. Upon 
these charts there are pictured in the colors of Nature 
some forty pattern-plants, magnified, and shown in 
section, so that their structure is easily seen. These 
plants have been selected because the differences they 
present are just those broad contrasts that separate 
groups of plants in Nature. At this stage of your 
study, while your thoughts are confined to the feat- 
ures of the flower-schedule, the first, second, third, 
and fifth charts present pattern-plants of all varieties 
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in these respects. Tlieir great value to the pupil, in 
classification, at the beginning of study, lies in the 
distinctness of the idea he gets from them as to how 
his pattern-plant is constructed. 

The work of classification being now entered upon, 
it will be resumed, from time to time, with further 
explanations as we proceed, particularly when we 
come to study such groups of plants as the grains and 
grasses, the cone-bearing plants, the CompositsB, fa- 
miliarly known as compound flowers, the Umbel- 
liferge, etc. These striking natural orders will intro- 
duce us to new principles in judging of affinities, and 
pupils who are specially fond of this part of the study, 
and are apt in tracing resemblances, will do well to 
look over the chapters upon these plants without 
waiting to reach them in the course of regular study. 

Note. — There is often, among both teachers and pupils, an 
aversion to skipping about. The idea of thoroughness with 
them seems to imply moving steadily on from page to page of 
a book, without ever deviating from its order. But in such a 
science as botany it is not necessary to proceed in this way. 
The subject cannot be marked off sharply into parts that 
must be learned in a certain order. Of course, plant characters 
must be known before they can be used in classification ; but, 
when a few are known, they may be at once put to service. A 
pupil cannot do better than to acquaint himself with the group 
of cruciferous plants as soon as the special characters that be- 
long to this group are familiar. Any group of plants may be 
classified as soon as the characters upon which it is founded are 
fairly known. To get a knowledge of classification requires 
much time, and its study should, therefore, be commenced at 
the earliest possible moment. 

There is another reason for skipping about, which will be 
at once appreciated. It is this: Plants have their time to 
flower, and their flowers must be studied at that time. For 
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TEE STAMSV& 



EXERCISE XVIII. 

Tarts of Stamens. 

Commence this exercise by examining the parts 
of a well-formed stamen. Select, for tliis purpose, a 
flower with stamens having large anthers. If they 
have not yet shed their pollen, all the better. Com- 
pare this anther with Fig. 88, and look for the parts 
pointed out in the picture. 



Fig. 8a 



AntberLobe. 




- Conneetive. 

- Anther Lobe, <w CeD. 



example: the Conifersd blossom in spring, and spring is the 
time to study them. Stamens may be found throughout the 
entire season, and so may be studied at any time. It would be 
folly, therefore, to let the period pass in which the ConifersB 
might be studied, because you "hadn't come to them" in the 
book, and pursue the study of stamens because they are next 
in order. Again, the characters of orchids are illustrated by a 
plant which has its season, and the time to study orchids is 
when this plant makes its appearance. 
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Do you see in your specimen a groove down the 
middle of the anther on one of its sides ? Is there 
any thing like a ridge on the other side of the an- 
ther, opposite the groove ? 

Can you divide the anther at this place without 
coming upon the pollen ? 

What name is given to this part of the anther in 
Fig. 88 ? What are the two halves it connects called ? 

Look at your living anther for the line along each 
lobe, called the line of dehiscence in the figure. 

What'name is given in Fig. 89 to the sides of the 
anther-cells i (Of course, each lobe has two valves ; 
but, as they are opposite, only one can be shown in 
a picture.) 

Anther-Lobe. — The cell which holds the pollen 
(Fig. 88). 

Connective. — ^A continuation of the filament 
which unites the two lobes of the anther. It is 
often inconspicuous or absent, but is sometimes easi- 
ly seen (Fig. 88). 

Valves. — The sides of an anther-lobe. 

Line, or Point, of Dehiscence. — The opening 
through which the pollen escapes. 

It may help the learner in forming a distinct idea 
of these different parts of the anther, to know that 
the stamen is looked upon by botanists as a sort of 
leaf, the filament answering to the petiole, and the 
anther to the blade. The connective corresponds to 
the mid-rib of a leaf, and the line of dehiscence to 
its margin, each lobe being half of a leaf-blade, and 
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the valves of an anther corresponding to the upper 
and under sides of a leaf. 

Examine the anthers of as many different flowers 
as possible, and try to find the cells, connective, line 
of dehiscence, valves. 

Do not be disappointed or discoui^aged if, in many 
cases, you fail to distinguish some of the parts. 

Look at the magnified stamens on the charts, and 
find, if you can, the parts of the anther named in 
this exercise. 



EXERCISE XIX. 
Nwfnber and Shape of Anther^Lobes. 



NUMBEB OF AKTHEB-LOBES. 
Pig. 90. Fig. 91. Fig. 92. 




One-oeOed Anther. Two-celled Anther. 

4 




Foor-celled Anther. 
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Fio. 98. 



SHAPE OF ANTnEB-LOBES. 
Fio. 94. 



Fig. 95. 




Arrow-shaped Anther. Oblong Anthers. Kidney-shaped Anther. 

Fig. 96. Fig. 97. 



Emarginate Anthers. 



Sinuous Ahthers. 



Emaeoinate. — ^When the summit, or base, of the 
anther-cell extends upward or downward, a little be- 
yond the connective (Fig. 96). 

Label each flower of your collection with the 
number and shape of the anther-cells of its stamens. 
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Find, if you can, upon the charts instances of one- 
celled anthers, of two-celled anthers, of four-celled 
anthers. Mention the form of each anther-lobe pict- 
ured upon the charts. 



EXERCISE XX. 
Dehiscence of the Anther. 



Fig. 98 




Fio.99. 



f 



Fio. 101. 



Fio.102. 



Fio. lOB. 





Yertical, or 
LongltudinaL Transyene. 



Porous. 



Valvular. 



Valvular. 



Vertical, or LoNorruDiNAL Dehiscence. — ^When 
the anther opens by a slit along its length to emit 
the pollen (Fig. 98). 

Transverse.— When the line of dehiscence is 
across the anther (Fig. 99). 

Porous. — When the anthers emit the pollen 
through little pores (Fig. 101). 

Valvular. — ^When a portion of the anther is 
lifted up to emit the pollen (Figs. 102 and 103). 
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In describing the stamens of flowers you wilt now 
observe the kind of dehiscence the anther exhibits. 

Name the various modes of dehiscence of anther- 
cells shown upon the charts. 



EXERCISE XXI. 

IfUrorse and Bxtrorse Anthers. 

When the valves of the anther are of equal size, 
the dehiscence will occur laterally (Fig. 106) ; but, if 
one valve be wider than the other, it will throw the 
line of dehiscence nearer to the connective on one 
side than on the other. The narrowed valves are 
usually on the projecting side of the anther-cell, and 
this is called the face of the anther (Fig. 104). 



Fio. 104. 



Fio. 106. 





Face. 



Back. 



The other side, where the connective is usually 
visible, if seen at all, and where the filament is at- 
tached in most cases, is called the Ixick of the anther 
(Fig. 105). 

Note.— The projecting side of the anther-cell is called its 
face, and the opposite side is called its bach, whether the valves 
are unequal or not. 
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F1S.IOC 



Faohto ths Putil. 
Fia. 107. 



IMenX Debisoenoe. 



Introrse Anthers. 



Anthers are Introrse when the line of dehiscence, 
or fece of the anther, is toward the pistil. 



Facing thb Coholla. 



Fio. 106. 



Fig. 109. 




Extrorse AnUien. 



Extrorse Anthers. 



Anthers are Extrorse when the line of dehis- 
cence, or face of the anther, is turned toward the 
corolla (Figs. 108 and 109). 
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Look over tlie charts for examples of extrorse and 
introrse anthers. In future observe the stainiens of 
living flowers with reference to this feature. 



EXERCISE XXII. 
Attachment of Filament to Anther. 

Pig. 111. Fig. 112. 




Innate. 



Innate. 



Innate. — Anthers are innate^ or Ixmfixed^ when 
the filament runs directly into the base of the con- 
nective (Figs. Ill, 112, and 116). 

Adnate. — ^Anthers are adnate^ or dorsifixed^ when 
the filament runs up the back of the anther, joining 
the connective in such a way that the anther is hung 
in front of it (Figs. 113 and 114). 

Versatile. — If the filament is attached by a slen- 
der apex to the middle of the anther, the ends of 
which swing freely up and down, the attachment is 
said to be versatile (Fig. 115). 
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Ito. 118. Fio. 114. Fn. llfiw 





Adnate. 



Fig. 11<L 



Fio. IIT. 



i 




Basifixed. 



Doralfized. 



The modes of attachment, pictured and named 
above, shade into each other, so that, in practice, it 
is often difficult to determine them. The versatile 
passes into the adnate, and the adnate into the in- 
nate, and a nice exercise of judgment is sometimes 
needed in describing this feature of flowers. 

Find these several modes of attachment on the 
charts. Determine and describe the mode of attach- 
ment in each of your living specimens. 
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EXERCISE XXIII. 
Forms of Filaments. 



Fio 122. 



Fig. 128. 



Fig. 124. 




FiM>rm. 



Sub-nlate. 



Capillary. 



Filiform filaments are thread-like, astlie name de- 
notes, but strong enough to support the anther (Fig. 
122). 

SuB-ULATE filaments taper like an awl (Fig. 123). 

Capillary filaments are hair-like, and too slender 
to suppoi*t the anther (Fig. 124). 

Dilated filaments are flattened out like Fig. 126. 

Petaloid filaments resemble petals in form, and 
bear the anther at the summit, as seen in Figs. 127 ' 
and 128. 

Bi-DENTATE, or Bi-cuspiD, filaments are toothed at 
the summit or at the base, as seen in Figs. 129 and 130. 

Find examples of the several kinds of filaments 
upon the charts. Describe the different forms of 
filaments in your collection of plants. 
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Fig. 129. 





Dilated. 



PetakM. 



Bi-dentate. 



Bi-dentate. 



EXERCISE XXIV. 

Strudure and Forms of FoUen. 

The pollen-grain is generally composed of two 
membranes, or coats, fiUed with a thick liquid sub- 
stance containing minute grains, which is its essential 
portion. The outer coat is frequently marked with 
bands, lines, and grooves, or covered with bristling 
points (Fig. 131). The inner coat is very thin, and 
swells when wetted. If you moisten pollen-grains 
you may often see, with a microscope, the expanded 
inner coat protruding through openings in the outer 
coat (Fig. 131). 

ExTiNE. — The outer coat of a pollen-grain, usually 
with openings, or very thin in certain places (Figs. 
131,132, and 133). 

Intine. — The inner coat of a pollen-grain, very 
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thin, tough, and elastic, often seen protruding through 
holes in the extine (Figs. 132 and 133). . 

FoviLLA. — The rich protoplasmic liquid contained 
within the intin^ (Fig. 133). 



TiQ. 181. 




Fig. 182. 




Fig. 182*. 



Fig. 188. 



Fig. 184. 



Intine. 




Fovilla. 



Extine. 




PoUnia. 



PoLiNiA. — Pollen-grains cohering in masses. In 
Fig. 134 they are in pairs, and are furnished with 
stalk-like processes ; but in some plants they are sin- 
gle, and without a stalk. 



Fig. 185. 




Fig. 18«. 
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Pollen-grains display a ^•eat variety of shapes. 
Besides the round and oblong (Figs. 135 and 136), 
you will find them angular, lobed, and joined to- 
gether in various ways (compound pollen) by tlirees, 
fours, and even larger numbers (Fig. 132). 

Look at the various forms of pollen pictured upon 
the charts. 

Examine the pollen of flowers with your magni- 
fying-glass, and note the shape of the grains, and the 
kind of surface they present. Observe the moistened 
pollen of various plants under the microscope. 



EXERCISE XXV. 
^ Forms of Connective. 

Fig 18T. Fio. 183. Fio. 18». Fig. 140. 



Fia. 141. 




Appendicular. 



ConnectiTe, widened. 
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Fio. 143. 
Anther. — si 



/f.. ConnectiTe. 

Abortive Anther. ^s^^y^mr 



Filament 



Dimidiate. 



Appendicular. — When the connective, extending 
above or below the anther, takes the fonn of a feather, 
or a lengthened point, or a fleshy mass, or spur-like 
appendages, or stipules (Figs. 137, 138, and 140). 

When one lobe of an anther is abortive, or sup- 
pressed, the anther is said to be dimidiate. Fig. 142 
represents a dimidiate anther and a connective de- 
veloped into arms, so that the lobes are entirely dis- 
connected. 

Observe the abortive anther-lobe of Fig. 142. 
The entire stamen, as well as each of its parts, is 
liable to suppression, abortion, or imperfect develop- 
ment. The symmetry of flowers is often destroyed 
in this way. In some plants the non-development 
of organs that exist in the rudimentary state is a 
constant character, and should be regarded in de- 
scribing them. 

Observe the figures on the chart which illustrate 
these forms of connective. Look over the flowers of 
your collections, and in future describe the form of 
connective when you can distinguish it. 
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EXERCISE XXVI. 
Cfenerai Features of Stamens. 

Fig. 148. Fio. 144 




ExsEETED. — Stamens are said to be exsirttd when 
they extend beyond the corolla (Fig. 143). 

Included. — ^When the stamens are not as long as 
the corolla, they are said to be induded (Fig. 144). 

The entire whorl of stamens is called the andrm" 
cium. 

When the filament is wanting, the anther is de- 
scribed as sessile. 

When the anther is wanting, the stamen is said 
to be stei'Ue. 

Converging stamens are said to be connivant. 
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In observing and describing stamens, the follow- 
ing scliedule will be found useful by calling attention 
to the several characters pointed out in the present 
chapter : 

Stamen Schedule. 

Parts? 

Number of anther-lobes ? 
. Shape of anther-lobes ? , 

Attachment of filament and anther? 

Facing ? 

Form of filament ? 

Form of pollen ? 

Form of connective ? 

General features ? 

Adnate (Lat,, adnascor, I grow to) — Grown fast to, or formed 
in union with, another body. 

Appendicular (Lat., appendo, I hang up) — Having an ap- 
pendage. 

Basifixed (Lat., lasu^ the base) — Attached by the base. 

Dimidiate (Lat., dimidiatus, halved) — Appearing as if one 
lialf were wanting. 

Dordjixed (Lat., dorsum, the back)— Fixed upon the back. 

Extrorse (Lat., extra, externally ; orsus, originating) — Turned 
outward. 

FovillcB (Lat., fovea, I nourish) — Minute particles in the 
fluid contained in pollen. 

Innate (Lat., innatus, inbred) — Borne directly on the apex 
of a thing. 

Intine (Lat., internus, internal) — The inner lining of pollen- 
grains. 

Introrse (Lai., intror%us, inwardly) — Turned toward the axis. 

Subulate (Lat., aubula, an awl) — Awl-shaped. 

Versatile (Lat., versatilis, that turns easily) — Swinging to 
and fro. 
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Fig, 144. 



CHAPTEE IV. 
THE PISTIL. 



EXERCISE XXVII. 
Kinds of Stigma. 

Fw. 14S. Fio. 146. 




Fig. 14T. 




Sessile and Lateral. Bifid. Trifld. TrlM. 

Fio. us. Fig. 149. Fig. 150, 




Scrolled. 



Globose. 



Lobed. 
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EXERCISE XXVIII. 
Form and FasUian of Styles. 

Fio. 155. Pia. 156. Fio. 157. Fig. 15a 



b b 6 



Sigmoid. LateraL BasaL Tenninal 

The shapes of styles may be named by the same 
words as the shapes of filaments. 

Observe, in faded flowers and young friiitj whether 
the styles are persistent or deciduous. 



EXERCISE XXIX. 

Kinds of JPistil. 

It will be convenient to apply the following names 
to certain distinctions among pistils with which pupils 
are now familiar : 

Fig. 159. 



A Compound Pistil. 



A Compound Pistil (Fig. 159) consists of several 
imited carpels — is syn<iaTpou8, 

Digitized by VjOOQ IC 



THE PIOTIL. 87 

Tm, IM. Fia. 161. Fio. 192. 




A Simple Pistil Multiple PfstU. Multiple Pistil. 

A Simple Pistil (Fig. 160) consists of only a sin- 
gle carpel, and is, of course, apocarpous. 

A Multiple Pistil (Figs. 161 and 162) consists of 
several distinct carpels — is also apocarpous. 



EXERCISE XXX. 
The Structure of Ovaries. 

Wliether a pistil is simple, multiple, or compound, 
each carpel may be looked upon as a single leaf. 
The simple pistil of the pea, for instance, may be 
regarded as the blade of a leaf folded at the midrib, 
so that its inner portion answers to the upper face of 
a leaf, and its outer portion to the under face. Its 
dorsal suture will correspond to the midrib, and its 
ventral suture to the margin of the leaf. 

To make this plainer, take any strong oblong leaf 
(Fig. 163), and fashion it into a carpel, like the pea- 
pod, taking the upper part of the leaf for the inner 
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part of the carpel. Fold in the margins slightly to 
represent the placentae (Fig. 164). (See " First Book," 
Ex. LXYIII.) If the fold will not stay in place, take 
a stitch or two along it with a needle and thread. Now 
double it at the midrib (Fig. 165), and compare it 
with a pea-pod. Find the valves; the dorsal and 
ventral portions ; the stigma ; the base. 

Pig. 163. Fio. 164. Fig. 166. 



Gather some old, faded pea-blossoms, in which 
the ovary is somewhat enlarged, and observe that the 
ventral suture is turned inward ; that is, it lies along 
the central line, or axis, of the flower. It is along 
this axis, then, that the double placentae are formed. 
Observe the position of the dorsal suture, or back of 
the pod. It is important to bear in mind that, in the 
case of the simple pistil, the ovules are attached cen- 
trally along the axis of the flower. 
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Bonglilj to imitate a multiple pistil, yon have 
only to bind together, by their petioles, several leaf- 
blades that have been converted into carpels, as 
above. Observe the placentation of any multiple 
pistil, and you will invariably find that the placenta 
of each carpel is central in the same way that, in the 
artificial one, you have made the margins of your 
earpellary leaves turn inward, and the midribs out- 
ward. 

After thus preparing simple and multiple pistils 
from foliage leaves, let us try to construct a com- 
pound pistil from leaf-blades. If we can d,o this, it 
will give us a clear imderstanding of the structure of 
syncarpous ovaries. 

Form, from foliage leaves, an artificial ovary, of 
three coherent carpels. A three-celled compound 
pistil consists of three earpellary leaves grown to- 
gether. It is as if, by pressing together the carpels 
of your multiple pistil, they should unite by their 
sides. To make an artificial compound pistil, then, 
you have only to select three large symmetrical foli- 
age leaves, and pin or stitch them together in such 
a way that their margins will meet in the centre, and 
their under surfaces will form its outer wall. If you 
cannot get leaves of firm texture that will hold a pin 
or stitch without tearing, try lining them with some 
thin cloth or paper. Fold each of the leaves at the 
midrib, with the upper surface inward, as seen in Fig. 
166. Fasten the left half of one leaf-blade to the 
right half of another, so that the united portions 
will form a double wall between the cells, and the 
six edges will meet together at the centre, as repre- 
sented in Fig. 167. 
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Your aim being simply to understand how, and 
from what, each part of a compound pistil is formed, 
you need not care for the clumsiness or shapelessness 
of your manufactured ovary. 

Point out its cells. Its dissepiments. Explain 
why they are double. Point out the dorsal and ven- 
tral suture of each carpel of your syncarpous struct- 
ure. Where should you look for ovules in this 
pistil ? 

Fig. 166. Fig. 16T. Fio. 168. 



Prepare a compound ovary by joining three leaves 
at their margins, as seen in Fig. 168. In what part 
of an ovary so formed are the leaf-margins? In 
what part of the ovary would you look for the 
ovules ? The theory of the pistil is important, because 
it gives clear ideas of the varied and complex charac- 
ters of ovaries ; and these characters arc of the first 
importance in classification. 
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EXERCISK XXXL 
PlacentaHaiu 

After studying the structure of ovaries as ex- 
plained in Ex. XXX., the following definitions will 
be easily understood : 

Placentation. — The arrangement of placentae is 
called placentation. 

To determine the mode of placentation of a plant, 
slice its ovary across, and compare its appearance with 
the following figures. The formation and arrange- 
ment of placentae are so various, that we have given 
an unusual number of drawings to illustrate the defi- 
nitions. 

Axillary Placentation. — ^When the ovules are 
found along the central line, or axis of the pistil, the 
placentation is called axiUary^ ovaxile (Figs. 169, 170, 
171, 172, and 173). 

Fig. !». Fig. 170. Fio. in. 





Fig. 172. Fio. 178. 
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Free-Central Placentation.— When the dissepi- 
ments, or double partitions, between the cells are ab- 
sent, leaving the placentae and ovules at the centre, 
and all the cells opening into one chamber, the pla- 
centation is said to he free-€ent7'al {FigB. 174, 175, 
176, and 177). 



Fio. 1T4. 



Fig. its. 




8= 




Fig. 176. 



Fig. 177. 



Parietal Placentation is seen when the placen- 
tae are attached to the walls, or projections from the 
walls, of the ovary, as is illustrated in the following 
figures (178-185) : 
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Fig. 182. Fie. 183. Fio. 184. 



Fio. 185. 




False Dissepiments. — It will be well to know 
that, in many ovaries, there fire partitions not formed 
in the way described in Ex. XXX. The following are 
instances of what are known as false dissepiments : 



Fig. 186. 



Fig. 187. 




Observe in Fig. 186 a partition going inward from 
the dorsal suture, and nearly reaching the centre of 
the flower. 

Fig. 187 shows a similar false partition not quite 
so much extended. 
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Fig. 183. Fig. 139, Fig. 190. 




Fig. 188 is a section across tlie middle of an 
ovary, and Fig. 189 is a section across the upper part 
of the same ovary. The partitions that appear in one 
and are not seen in the other, must be false — they 
cannot be formed by the sides of adjacent carpels. 

In Fig. 190 the placentae are parietal, but a mem- 
brane is formed, reaching across the ovary, and foim- 
ing a false dissepiment. These false dissepiments, 
you see, are developed, in some cases, from the dorsal 
suture ; in others, from the placentae. 

It may sometimes be difficult to decide between 
true and false dissepiments ; but, as your knowledge 
of plants increases, the different members of the same 
group will often be found to afford transitional char- 
acters that make evident what otherwise would be 
uncertain. 



EXERCISE XXXTI. 

Modes of Dehiscence. 

To understand the modes of dehiscence, pictured 
in this exercise, you have only to prepare a three- 
celled compound ovary, as directed in Ex. XXX., 
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observing the place of the dorsal and ventral sutures, 
the relations of the valves, and that the partitions are 
double. 

Eequlab OB Valvolab Dehiscence. — ^Dehiscence 
is said to be valvular when the ovary sepanites into 
the regular pieces called valves. 

Fio. 191. na. 198. Fro. 198. 










The dehiscence is Septicidal when the ovary splits 
through the partitions, each dissepiment separating 
into its two layers, one belonging to each carpel 
(Figs. 191, 192, and 193). 

Fig. 194. Fig. 195. 



^ 



The dehiscence is Loculicidal when the splitting 

opens into the cells by the dorsal suture, as seen in 

Fig. 195, which represents the ovary of a violet, wherQ 
5 
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the carpels flatten out as soon as they are released 
from each other. 

Fig. 196. Fig. 197. 



Fig. 198. 



Septifragal. 

The dehiscence is Septifragal where the valves 
fell away, leaving the dissepiments behind attached 
to the axis (Figs. 196 and 197). 

Irregular Dehiscence. — Seeds are sometimes dis- 
charged through chinlvs, or pores (porous dehiscence) 
(Fig. 198), or the ovary may burst in some part irregu- 
larly. 

Now compare the capsules in your collection with 
the figures and definitions given in this exercise, and 
determine, if you can, the mode of deliisccnce of each 
of them. 

How would you produce loculicidal dehiscence in 
the compound ovary you have made with leaves, as 
directed in the opening of this exercise ? 

How septicidal ? How septifragal ? 
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IHrection of Ovules and Seeds. 

Ovules have an hari207it(il direction when they are 
neither turned upward nor downward, as in Figs. 
199 and 200. They are ascending when rising ob- 
liquely upward, as in Fig. 201. 



Fio. 193. 



Fig. 200. 



Fig. 201. 





Ovules are said to be erect when rising upright 
from the base of the cell (Fig. 202). They are sus- 
pended when hanging perpendicularly from the sum- 
mit of the cell (Fig. 203). They are penduloits when 
hanging from near the top (Fig. 204). 



Fig. 202 



Fio. 208. 



Fig 204 
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EXERCISE XXXIV. 
Parts of the Ovule. 



Fio. 205. 



Apex of Ovule. 
Sccundine. 



Base of Ovule 




Frfmine. 



Base of Ovule. — The point of union of the fti- 
niculus and ovule ; not of the funiculus and placenta 
(Fig. 205). 

Apex. — The part of the ovule opposite the base 
(Fig. 205). 

Pkimine. — The outer sac of an ovule (Fig. 205). 

Secundine. — The inner sac of an ovule (Fig. 205). 

These parts are again shown in Figs. 206 and 207, 
along with others that appear when we make a section 
of the ovule. 

Fio. 206. 
Apex of Ovule. Micropyle. 




(After Gray). 
— Base of Ovale. 

\ChaUaa. 
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Fio. 207. 

Cbalaza. 

.. Base of Nocteus. 



Primine. 

— Rhaphe. 
Serandine. 
Nocleas. 



(After Gray). 
Micn^yle. 

MicROPYLE. — The opening in the coats of an ovule, 
or seed (Figs 206 and 207). 

Nucleus. — The substance contained within the 
sacs^ in which the embryo is formed (Figs. 206 and 
207). 

Rhaphe. — The connection between the base of the 
nucleus and the base of the ovule. In Fig. 206 the 
rhaphe is short, and concealed within the ovule, but 
in Fig. 207, where the position of the nucleus is so 
changed as to bring its base round to the apex of the 
ovule, the rhaphe is visible, and extends along one 
side, still connecting the base of the nucleus with the 
base of the ovule. 

Chalaza. — The place where the coats and nucleus 
grow together. 

HiLUM. — The scar left by the separation of a seed 
from its placenta. 

It is not supposed that pupils will find all these 
parts of the ovule in plants. Some of them are usu- 
ally discernible, and they may all be understood in 
their proper relations by studying the diagrams. 
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EXERCISE XXXV. 
Kinds of Ovule. 

Fig. 208. Fig. 209. 

Micropyle. y^ 



Ililum and ^^^f „., , ^. , ^I^^^Mr 

Ohalaza -"^^ Hilum and Chalaa. — -^^ ^■^- Mycropyle. 

Straight, or Orthotropous. Curved, or Campylotropous. 

The Straight, or Orthotropous Ovule, lias the 
base of the nucleus and the base of the ovule in the 
same position, while the micropyle is at the apex 
(Fig. 208). 

In the Curved, or Campylotropous Ovule, the 
micropyle, or apex, is bent over close to the base 
(Fig. 209). 

FiQ. 210. Fio. 211. 



Im. ^^ Micropyle. 

- Micropyle. y' ^^ Chalaza. 

Ehaphe.' 
ous. Half-inverted, or Amphitropous. 



In the Inverted, or Anatropous Ovule, the fu- 
niculus lengthens, and bends round, growing fast to 
the coat, until the base of the nucleus is at the apex 
of the ovule (Fig. 210). 

In the Half-inverted, or Amphiiropous Ovule, 
the funiculus only lengthens till the ovule turns a 
quarter of the way over, as in Fig. 211. 



Digitized by VjOOQ IC 



THE PISTIL. 101 

(The pnpil is refen-ed to page 118, the close of 
the chapter on fruit, for a list of questions — a sort of 
pistil-schedule — to be used as a guide in describing 
this organ.) 

Amphitropal (Gr., amphi;, about; trepo^ I tarn). 

Anatropal (Gr., ana^ over ; trepo^ I turn) — An ovale tnmed 
over, so as to bring the micropyle to the hilnm. 

Axile (Lat., aarw, an axle-tree) — Belonging to the centre, or 
axis. 

Campylotropal (Gr., eampulvSy carved ; trepo, I turn) — An 
ovale, or seed, bent so as to bring the npex near to the hi] am. 

Chalaza (Gr., a spot on the skin) — The place in a seed where 
the nucleus joins the integuments. 

Dehiscence (Lat., dehisco, I gape) — Splitting into parts. 

Dissepiment (Lat., dissepio, I separate) — Partitions in a fruit. 

Hilum (Lat., the black scar of a bean) — The scar left by the 
separation of a seed from its placenta. 

Loculicidal (Lat., loculus, a cell) — ^A mode of dehiscence 
through the back of a carpeL 

Micropyle (Gr., mikros, small; puU, gate) — The scar in the 
skin of a seed, which was the foramen in the ovule. 

Nucleus (Lat., a kernel) — ^The centre of an ovule, where the 
embryo is formed. 

Orthotropal (Gr., orthos^ straight ; trepo^ I turn) — An erect 
ovule, with the foramen or micropyle opposite the hilum. 

Parietal (Lat., paries^ a wall) — Growing to the walls of an 
ovary. 

Placentation (Lat., placenta^ a cheese-cake) — ^The way the 
placentsB are developed. 

Primine (Lat., primus^ first). 

Rhaphe (Gr., rhaphe^ a seam) — The thread connecting the 
placenta and nucleus. 

Secundine (Lat., seeundus^ second). 

Septicidal (Lat., septum, a hedge ; ccedo, I cut) — A mode of 
dehiscence dividing the dissepiment. 

Septifragal (Lat., septum, a hedge; frango, I break) — A 
mode of dehiscence where the valves fall away from the dis- 
sepiment. 
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THE FBTJIT AND SEEB. 



EXERCISE XXXVI. 
The Composition of Fruit. 

Fbutt. — The ripened ovary, with its contents, is 
the fruit of plants. Whatever adheres to the ovary 
also becomes part of the fruit. * 

In studying fruit, observe with care what parts, 
besides the pistil, have been concerned in its forma- 
tion. In describing flowers, you note whether the 
pistil is inferior or superior ; is there any reason to 
suppose that inferior fruit would be most likely to 
have other parts of the flower besides the pistil united 
with it ? Did you observe the flowers of the cherry, 
plum, or peach trees, and those of apple and pear 
trees when they were in blossom ? and if so, will you 
compare your recollection of them with the appear- 
ances presented by their fruit ? If you have forgot- 
ten their structure, perhaps you have kept a descrip- 
tion of them, and can refresh your memory. 

Observe the ripe fruit of the cherry. Look at 
the top of the peduncle for scars left by the parts of 
the fallen flower. Look for a dot at the top of the 
fruit, showing the place of the style. Has any thing 
but the pistil entered into the formation of this fruit ? 
Observe the plum, peach, grape, currant, etc., and see 
if they are like the cherry in these respects. 
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Now examine an apple or pear. What do you 
find at the top of the fruit, opposite the peduncle ? 
It must be tlie remains of the calyx-limb, the tube of 
which you saw united to the pistil when you studied 
it in flowering-time. Of what, then, does the fi-uit 
consist ? Divide an apple or pear, as shown in Fig. 
212. Find the parts shown in this diagram. The re- 




mains of the flower are seen at C. The calyx-tube, 
grown fleshy and succulent, is marked T. The outer 
border of the ovary is seen at E. From what paii; 
of the flower is the eatable portion of a pear or apple 
developed? To repeat our former question, would 
the fruit of a superior pistil be more likely than that 
of an inferior pistil to consist of the ovary alone ? 

I have illustrated the composition of fruit with 
apples and cherries because they are so common ; but 
these observations may, and should be, repeated upon 
every variety of fruit that can be found. 

Trace the formation of each of the fruits pictured 
upon the charts, and point out those that consist of 
the pistil alone, and those which do not. In the lat- 
ter case, name the parts that are consolidated with 
the pistil in the fruit. 
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When fruit is formed from the pistil alone, the 
wall of the ovary is called a pericarp (from peri^ 
around). 

Gather specimens of every kind of fruit that 
grows within reach. In late summer or early au- 
tumn, the fruit of garden, field, and forest, if care- 
fully collected, will give you a large and various as- 
sortment. For example : you may have at the same 
time cucumbers, melons, beans, peas, grapes, apples, 
pears, elder and pokeweed berries, chestnuts, wal- 
nuts, pumpkins, etc., and the less conspicuous seed- 
vessels of mullein, Saint-John's-wort, lettuce, radish, 
cabbage, etc., etc. Earlier in the season the list will 
be different, and it will vary somewhat with the lo- 
cality, but, wherever collected, and whatever its com- 
ponents, be sure to gather every kind that can be had. 

Look over your collection, and separate the supe- 
rior from the inferior fruits. Observe the structure 
of those formed from inferior pistils, and point out 
the pericarp in those formed from superior pistils. 

Preserve, for further study, the specimens you 
have gathered. 



EXERCISE XXXVII. 
Parts of the Pericarp* 

Epicarp. — ^When the walls of a pericarp are formed 
of two or more layers of different texture, as in the 
peach, plum, or cheny, the outer one (the skin, in 
the case of these fruits) is called the epicarp, 

Endooarp. — The stony case around the seed of the 
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peach, plum, or cherry, is called the endocarp. But 
the endocarp of fruits is not always stony. Whatever 
its texture, the inner layer of a pericarp is named the 
endocarp. 

Mesocaep. — Sometimes, between the outer and 
inner parts of a pericarp, there is found a third layer 
of different aspect, like the pulp of a peach. This 
third layer is called the mesocarp. The distinction 
between the epicarp and mesocarp is often very slight, 
and then both together are called the epicarp. 

Fio. 218. 




In Fig. 213 ^ is the endocai-p, 5 the mesocarp, and 
g the epicarp. 

In Fig. 212 E is the epicarp, N the endocarp, and 
S the seeds. At N is shown a slight development of 
the mesocarp. Point out these parts in an apple and 
a peach. Point out the parts of the pericarp in the 
different fruits pictured upon the charts. 

Classify your collection of fruits by the structure 
of the pericarp. Put by themselves all those that 
have but one layer in the pericarp. Put those with 
two layers — an epicarp and endocarp — ^by themselves, 
leaving those with three layers — epicarp, mesocarp, 
and endocarp. Describe the layers that make up the 
fruit ; that is, say whether, in each case, the layer is 
pulpy, woody, stony, membranous, leathery, etc. 
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Preserve your collection for further study, and 
add to it all you can get. 



EXERCISE XXXVin. 

The dassiflcation of Fruit. 

Look over your collection and separate the dehis- 
cent from the indehiscent fruits. The indehiscent 
group may now be further separated into juicy fruits 
and dry fruits. Compare your specimens of juicy 
fruit, one by one, with the following pictures and 
definitions of fruits. The first picture is that of a 
berry; so you may first find the? berries of your col- 
lection. To determine whether a particular fruit is a 
berry or not, cut it across, and Bee if it agrees in 
structure with- Fig. 214, and the requirements of the 
definition. Never mind whether your conclusion ac- 
cords with common speech or not ; whether a straw- 
berry turns out to be a berry or not ; but follow the 
definition wherever it leads, 

Indehiscent Juicy Fruits. 

Berry. — A thin-skinned, indehiscent, fleshy fruit, 
having the seeds embedded in the pulpy mass (Figs. 
214 and 215). 

Fig. 214. Fio. 215. 
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Hespertoium. — A kind of berry with a leathery 
rind (Fig. 216). (Example, lemon and orange.) 



Fio. ««. 




Pepo. — The pepo is an indehiscent, fleshy fruit, 
with seeds borne on parietal placentae, and with the 
epicarp more or less thickened and hardened. (Ex- 
ample, squash.) 

Pome is the term applied to a fleshy, indehiscent, 
several-celled fruit, with a leathery, or cartilaginous, 
endocarp, enclosed by the calyx-tube. Figs. 217 and 
218 are transverse and vertical sections of a pome. 
(Example; apple and pear.) 



Fio. 21T 



Fio. 218. 





Drupe (example, peach or cheiTy) is a pulpy, in- 
dehiscent, one-celled, one or two seeded fruit, with 
a succulent or fibrous epicarp, and hard, stony, dis- 
tinct endocarp (Figs. 219 and 220). 
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Fia. 219. Fic 




If you have blackberries, raspberries, and the like, 
among yoiir fruits, compare one of the little cells that 
make up this kind of fruit with this definition of a 
drupe. 

Indehisoent Dry Fruits. 

Select from among your dry indehiscent fruits all 
those that resemble Figs. 221, 222, 223, and 224, and 
that are usually miscalled seeds. You will find upon 
many of them such appendages as hairs, teeth, plumes, 
bristles, etc, 

Fio. 221. Fig. 222. 




Vertical Section of 
Carpel of Buttercup. 
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Fie. 228. 



Fig. 234. 



They are achenia. An Achenium is a dry, inde- 
hiscent, one-seeded fruit, with a separable pericarp, 
tipped with the remains of the style (Figs. 222-224). 

Utricle. — ^By this term is understood a kind of 
achenium, with a thin, bladdery pericarp which is 
sometimes dehiscent. 



Fig. 225. 



Fig. 226. 




Caeyopsis, — A dry, indehiscent, one-celled, one- 
seeded fruit, with the pericarp adherent to the seed, 
as seen in wheat, barley, oats, maize, etc. (Fig. 226). 

Cremocarp. — Pendant achenia. (See Ex. LII). 

Cypsela. — Still another variety of achenium. 
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with an adherent calyx-tube, as in compositae (Fig. 
222). 

Fig. 22T. Fig. 228. 



Nut. — A hard, one-celled, one-seeded, indehiscent 
fruit, produced from a several-celled ovary, in which 
the cells have been obliterated, and all but one of 
the ovules have disappeared during growth. It is 
often enclosed in an involucre, called a cupule (Fig. 
227), or it has bracts at the base. 

Samara, or Key-frutt (example, the elm). — A 
dry, indehiscent fruit, growing single or in pairs, with 
a winged apex, or margin (Fig. 228). 

Behisoent Fniits. 

Any dry, dehiscent fruit, whether simple or com- 
pound, may properly be called a pod. 

Follicle. — ^A pod of a single carpel, with no ap- 
parent dorsal suture, and dehiscing by the ventral 
suture. You will seldom find an ovary consisting of 
but one follicle ; but it is a common kind of carpel in 
multiple pistils. Observe the ripe ovary of colum- 
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bine or paeonia. Each carpel is a follicle, and you 
may find them slightly coherent at the base, as if 
forming a transition between the apocarpous and 
syncarpous pistil. 

Legume. — ^A pod of a single carpel, with dorsal 
and ventral sutures and dehiscing by both or either, 
as the pea and bean pod. It assumes many different 
forms. 

One of these, the Loment, is a sort of legume with 
transverse joints between the seeds, and falling to 
pieces at these joints (Fig. 229). 

Another variety, the Silique, is a two-valved, 
slender pod, with a false dissepiment, from which 
the valves separate in dehiscence. It has two parie- 
tal placentae (Fig. 230). 



Fio. 229. 



Fi6. 280. 



Fio. 231. 



Fig. 282. 





SnjcLE. — ^A short, broad silique (Fig. 231). 
Pyxis. — ^A pod which dehisces by the falling off 
of a sort of lid (Fig. 232). 
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Capsule. — The pod of a compound pistil ; the dry, 
dehiscent fruit of syncarpous pistils (Figs. 233 and 
234). The pieces into which a capsule falls at dehis- 
cence are called valves, the same as in one-carpelled 
fruit. 

Fio. 288. Fio. 284 




Those fruits that consist of achenia on a dry re- 
ceptacle, as the sunflower, or on an enlarged, pulpy 
receptacle, as the strawberry, or those which consist 
of small drupes on a dry, spongy receptacle, crowded 
almost into one mass, as the blackberry, are aggregate 
fruits. They are sometimes called etoerio. 

Accessory, or anthocarpous fruits, are such as con- 
sist of other parts of the flower only apparently joined 
with the ovary. 

Multiple, Collective, or Confluent Fruits, are 
formed by the union of many separate flowers into 
one mass (Figs. 235 and 236). 

The sorosis is a kind of multiple fruit, to which 
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the pineapple (Fig. 235) belongs. The fig is a mul- 
tiple fruit of the kind known as syeonuSj while 
strobilvs is the name given to the multiple fruit of 
trees of the pine family. 



Fig. 23S. 



Fiu. 286. 



EXERCISE XXXIX. 
The Seed.— Its Form and Surface* 



The forms of seeds vary very much. 
They may be globular, ovoid, reniform, 
oblong, cylindrical, topshaped, angular, 
etc. Some seeds are small and fine, 



like sawdust ; others are flattened and 
bordered, as seen in Fig. 237. 
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The surfaces of seeds may be smooth, striated, 
ribbed, furrowed, netted, and tubercular, as shown in 
the following figures : 



Fio. 288. 



« 



Smooth. 



Fig. 241. 



Fig. 239. 



Fig. 240. 





Bibbed. 



Fig. 248. 






Netted. 



Tubercular. 



Farrowed. 



Seeds are said to be dejmite when few and con- 
stant in number ; mdejmite when nimierous and va- 
riable. 

Seeds are solitary when single in the ovary, or in 
a cell of the ovary. 

The albumen of seeds is the mass of tissue in 
which the embryo is embedded. It is said to be mealy 
when it may be readily broken down into a starchy 
powder ; oily^ when loaded with oil ; mucikbginoits^ 
when tough, swelling up readily in water ; and homy^ 
when hard, and more or less elastic. 

Albuminous Seeds are those which have albumen. 

ExALBUMiNous Seeds are those in which the body 
consists of the embiyo alone. 
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The relations of embryo to albumen in various 
seeds are here shown. Your own observation, how- 
ever, must have already supplied you with much in- 
formation upon this subject. 

Fio. 214. Fio. 215. Fio. 240. ¥iQ, 247. Fio. 248. 




EXERCISE XL. 

JPasUion of the Embryo in Seeds. 

As the dissection of seeds is such an easy opera- 
tion, you must be familiar with the different aspects 
of the embryo in many different seeds. You have 
seen it large and small, straight and curved, outside 
the albumen and embedded within it; sometimes 
with flat cotyledons, and sometimes with cotyledons 
folded or coiled in various ways and degrees. We 
are now to observe its relation to the parts of the 



In studying ovules, you found the hilum and the 
micropyle, and you may find the same parts in the 
seeds that were once ovules. The hilum of seeds is 
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usually obvious enough, and the micropyle may be 
easily found. You have only to soak the seed till its 
coats are distended with water, and, on squeezing, 
the micropyle, or orifice in the coats, is made appar- 
ent by the escape of water at that point. The place 
of the micropyle is important, because the radicle of 
the embryo always points toward it, and, in sprout- 
ing, issues through it, and the relation of the micro- 
pyle to the hilum determines the attitude of the em- 
bryo. Seeds are straight, half inverted, inverted, 
and curved, the same as ovules, and the same terms 
are used to express these facts in regard to them. In 
a straight or orthotropous seed (Fig. 249), the micro- 
pyle being at the apex, you find an inverted embryo, 
like Fig. 250. In this case the embryo is said to be 
antitropalj or reversed. 

Fio. 249. Fig. 253. 



Micropyle. - 



Hilum. • 



If the micropyle be turned to one side^ as in Fig. 
251, an amphitropous seed, the embryo, will be ob- 

Ftg. 251. Fig. 2^2. Fig. 258. 
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lique, as seen in Fig. 253. In this ease the embryo 
is said to be heterotrojxd. Fig. 252 represents the 
seed which is shown in section in Fig. 253. 

If the seed be inverted, or antitropous (Fig. 254), 
the embryo will be erect, as shown in Fig. 255. Hero 
the embryo is said to be ortJiot/ropal. 

Fio. 254. Fio. 255. 




In Fig. 256, which represents a seed curved upon 
itself so as to bring the orifice next the hilum, or 
point of attachment (campylotropous seed), you may 
find the embryo presenting the appearance shown in 
Fig. 257. 

Fig. 256. Fio. 257. 



Hl'um ^mg^'^' Micropyle. ^WJ^^^^^ 

Wlien the embryo is in the centre of the albumen 
(Fig. 255), it is said to be axial / and when not in the 
centre, it is said to be excentric. 

Among the various modes of folding to which the 
embryo is subject, there are two which have been 
specially noticed and named, because they occur so 
uniformly in certain groups of plants. They are 
cotyledons accumbent ; that is, with the radicle folded 
against their edges ; and cotyledons incumlent^ having 
the radicle folded against the back of one of them. 



"a" 
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The following questions, forming a pistil-schedule, 
may now be used as a guide for pupils in describing 
this important organ of plants : 

Form and position of stigma ? 

Form and position of style ? 

Kind of pistil ? 

Placentation ? 

Dehiscence ? 

Direction of ovules ? 

Kinds of ovules ? 

Fruit? 

Seed? 

Embryo ? 

Achenium (Gr., «, not ; ehaino, I open). 

Capsule (Lat., eapsula, a little chest). 

Caryopsis (Gr., Tcare^ a head ; opsis^ appearance). 

Cremocarp (Gr., Jcremao, I bang; Jsarpos, frmt), 

Cypsela (Lat., a martin, or swallow). 

Drupe (Lat., drupcR^ unripe olives). 

Epiearp (Gr., epi, upon ; Jcarpos^ fruit). 

Endocarp (Gr., endon^ within). 

Etcerio (Gr., etarioSy a companion). 

Follicle (Lat,, follieuluSy a little bag). 

Legume (Lat., legumen, pulse). 

Loment (Lat, bean, meal). 

Mesocarp (Gr., mesos^ middle ; harpoa, fruit). 

Pome (Lat., pomum^ an apple). 

Pyajw (Lat., a little box). 

Silique (Lat., siliqua, a husk, or pod). 

Sorosis (Gr., «(Wo«, a heap). 

StroMlus (Lat., a fir-cone). 

Syconus (Gr., «wjfc<m, a fig). 
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FLORAL STMHETKT, PHTLLOTAXT, PBEFOLIA- 
TIOH, CTMOSE nrFLOKESCENCE, ETC. 



EXERCISE XLL 

Nutnerical Blan of the Flower. 

When, in examining a flower, you count the parts 
of its calyx and corolla, the stamens and the carpels, 
and find that some particular number occurs again 
and again ; and when, in case of deviation, you fre- 

Fio. 258. Fio. 250. 



quently find multiples of it, the plan of the fiower is 

said to be based upon this number. For instance, 
the plan of the flower represent- 
Fio.^260 g^ jj^ pjg 258 is based on the 

number three. The plan of the 
flowers represented in Fig. 259 
is based on the number four, and 
that of Fig. 260 upon the number 
five. In other words, in Fig. 258, 
three, or its multiple, six, is the 

constant number ; in Fig. 259, four is the prevailing 

number; while in Fig. 260, it is five. 
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What numbers have occurred oftenest in your 
written descriptions of flowers ? When you describe 
a flower, observe always what figures you use in 
numbering its parts, and decide what number the 
plan of the flower is based upon. 



EXERCISE XLU. 

Alternation of Tarts in Flowers. 

Figs. 262 and 263 represent the stamens and pis- 
til of the flower shown in Fig. 261. Does this picture 



Fig. 261. 



Fig. 262. 




Fig. 263. 
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represent a perfect flower? Does it represent a 
complete flower? a regular flower? a symmetrical 
flower? Fig. 264 is a cross-section of this flower, 
given to illustrate the relation of the parts to each 
other. Observe that the petals alternate with the 
sepals ; that is, they stand opposite to the openings, 
between the sepals. In the same way the stamens 



Fio. 864. 



Fio. 266. 





Fio. 266. 



Fig. 267. 




alternate with the petals, and the carpels with the 
stamens. This regular alternation of parts is spoken 
of as a symmetrical arrangement of the flower. Fig. 
267 is the cross-section of Fig. 265, and Fig. 266 gives 
a vertical section of the same flower. Are its parts 
arranged symmetrically? that is, is the alternation 
perfect? 
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You see that flowers present symmetry of arrange- 
ment as well as symmetry of numbers, and it is im- 
portant that you should observe them in this respect. 
Determine what parts of the flower you are studying 
alternate symmetrically, and where the symmetry 
fails. You will often find these observations valua- 
ble in classification. 



EXERCISE XLIII. 
Jjeaf Arrangement.— Phyllataxis. 

Fio. 268. 
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To study leaf arrangement, get straight leafy 
stems, or shoots, a foot or more in length, such as 
are shown in Figs. 268 and 269, from any vigorous 
tree, shrub, or herb. First separate the specimens 
having opposite and verticillate leaves from those 
with alternate leaves. 

Fio. S69. 



Observe that the successive pairs of leaves in op- 
posite-leaved plants are placed at right angles to each 
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other, each leaf of the upper pair being placed over 
a space left by the lower pair. They are hence called 
decussate leaves. In the same way the whorls of 
leaves in verticillate-leaved stems are so placed that 
they alternate with each other. 

Observe the arrangement of leaves in the stems 
of grasses, and in stems with equitant leaves. 

Put by themselves all the stems in which the 
leaves are neither decussate nor whorled. 

Examine them, one after the other, thus : Take a 
small string, and, holding one end of it just below one 
of the lower leaves of your specimen, carry it up and 
around the stem (Fig. 270), so that it shall pass just 

Fig. 270, Fio. 2T1. 



under each successive leaf. Proceed in this way till 
you reach a leaf standing directly over the one you 
started with. Your string now includes what is 
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called a leaf-cycle; that is, the distance in a spiral 
line around the stem, from one leaf to another placed 
exactly above it. 

Fig. 272. 



Holding the string in place, observe, first, how 
many times it has wonnd around the stem ; and, sec- 
ondly, how many leaves it passes on its way. If, in 
passing firom the first leaf to the one directly over it, 
the string makes but one circuit around the stem, and 
the third leaf is over the first, so that the cycle in- 
cludes but two leaves, the fourth leaf being over the 
second, and so on, you have an arrangement like that 
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seen in Fig. 268. The leaves in this example are 
seen to form two rows along the side of the stem, 
which are separated by half its diameter. 

This is the distichous, two-ranked, or J arrange- 
ment. 

If, in passing from one leaf to another, directly 
above it, the string goes but once round the stem, 
and the fourth leaf is over the first, giving a cycle of 
three leaves, the arrangement is like that shown in 
Figs. 269 and 270. There are three perpendicular 
rows of leaves along the stem, separated from each 
other by ^ its circumference. 

This is the tri-stichous, three-ranked, or ^ arrange- 
ment. 

Again, the string may pass twice aroimd the stem 
before it reaches the leaf placed just over the first, 
which, on counting, proves to be the sixth (Fig. 272). 
There are five longitudinal rows along the stem, sep- 
arated from each other by f its circumference. 

This is the pentastichous, quincuncial, or f ar- 
rangement. 

Observe that the numerator in the foregoing frac- 
tions gives the number of times the string winds 
around the stem in completing a cycle, while the de- 
nominator gives the number of leaves in the cycle. 

This fraction is sometimes called the angle of di- 
vergence of the* leaves. In Fig. 268 the angle of di- 
vergence is J the circumference of the stem ; in Fig. 
269 it is ij and in Fig. 271 it is f its circumference. 

In studying some of your specimens, the string 
may pass three times round the stem in its spiral 
course before you come to a leaf placed over the first, 
and this leaf may be the ninth in the upward succes- 



Digitized by VjOOQ IC 



FLORAL STMMETBT, ETa 127 

sion, eight leaves being required to complete the 
cycle. Here you have eight perpendicular rows of 
leaves, with an angular divergence of f the circum- 
ference of the stem ; it is, therefore, called the f ar- 
rangement. 

In some plants the leaf-cycle includes five turns 
of the spiral and thirteen leaves, so that the four- 
teenth is placed over the first. This is the -^ ar, 
rangement. There are also the /^j ^^^ if arrange- 
ments, and so on. But these more complex modes 
are only found where leaves grow in rosettes, as the 
houseleek, or in the case of crowded radical leaves, 
or in the scales of cones. In these cases the vertical 
rows are not distinguishable, and the order has to be 
made out by processes of reasoning rather than by 
simple observation. 

There is a curious feature of the fractions express- 
ing the angular divergence of leaves. Observe that 
any one of the fractions of the series is the sum of 
the two preceding simpler ones. For example, the 
angles of divergence in Figs. 268 and 269 are ^ and 
•J. Adding these numerators and these denomina- 
tors, we have f , the pentastichous, or next more com- 
plex arrangement. By adding, in the same way, i 
and f , we get f , while f and f give 3^, and so on. 

Th^ h h *i^d f modes of arrangement are so defi- 
nite and simple as to be easily discovered ; but, it is 
not worth while, ordinarily, to continue the study of 
a specimen if it does not belong to one of these modes. 
A slight twisting of the stem, a considerable length- 
ening of intemod'es, or their absence altogether, ren- 
ders observation diflScult, and the decision uncertain. 
So, when commencing the study of leaf-arrangement, 
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take care to select the straightest and thriftiest stems 
for the purpose. 

Examine the arrangement of bracts, and see if 
they follow the same order as leaves. 

Observe whether the spirals take the same direc- 
tion in branches as in the parent stem. When they 
do, they are called homodromovs ; but when they 
turn in opposite directions, they are said to be hetero- 
dromoua. 

Give the numbers of the leaves in each perpen- 
dicular series in your specimen showing the |- ar- 
rangement (Fig. 268). 

In the ^ arrangement, what leaf stands over the 
first? over the second? the third? fourth? fifth? 
Give the series of numbers that belong to the leaves 
of each row. 

The name applied by botanists to these modes of 
leaf-arrangement is phyUotaxis, 



EXERCISE XLIV. 

Arrangement of Floral Leaves in the Bud.—Msti' 
vatioUf or Pnj^oration. 

In most common flowers, the floral circles, calyx, 
corolla, etc., appear quite distinct; but have you 
never observed cases in which it was doubtful where 
the calyx ended and the corolla began? or, where the 
corolla ended and the calyx began ? or, even, w:here 
the bracts ended and the calyx began? Have you 
never seen petaloid sepals? that is, sepals with the 
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color and delicacy of petals ? Have you not seen in 
the same flower some sepals that were green, and 
some changed more or less toward petals? or, the 
same sepal green without and petil -like within ? Have 
you not seen the involucre made up of colored bracts, 
which gave it the aspect of a corolla ? Have you not 
sometimes met with flowers in which you could see 
the gradual transition fix)m petals to stamens? or 
flowers in which some of the stamens or carpels were 
changed to green foliage-leaves? Have you ever 
known of single flowers becoming double by cultiva- 
tion, and of stamens and carpels replaced by petals ? 
Did you ever happen to see a leafy shoot growing out 
from the centre of a flower, or of a flower-bud ? All 
these appearances are common enough ; and, if you 
have not seen them, you may easily do so by keeping 
your eyes about you. 

It is from these singular aspects of plants, joined 
with the study of their development, that botanists 
have come to regard flowers as altered branches, and 
floral leaves as changed foliage-leaves. They speak 
of carpels as carpellary leaves, stamens as staminal 
leaves, petals as corolla-leaves, and the sepals as calyx. 
leaves. 

K this be so, the laws of arrangement of floral 
leaves ought to agree with the phyllotaxy of foliage- 
leaves. Botanists say that it does so agree, and the 
place where it is best seen is in the flower-bud. The 
arrangement of floral leaves should also be studied, 
because it is important in helping to determine the 
affinities of plants. 

To observe this arrangement, make an horizontal 
section of a bud just before it opens. Be careful to 
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make the section in the upper part of the bud, where 
the petals and sepals are most easily seen. Observe, 
with a magnifying-glass, the disposition of parts, and 
compare your examples with the modes of arrange- 
ment here pictured and named. 

In Valvular praefloration there is no overlapping 
of parts. The edges of the sepals and petals just meet, 
and the flower is almost always regular (Fig. 273). 

Induplicate is a form of a valvate aestivation, in 
which the edges are turned slightly inward, or touch 
by their external face (Fig. 274). 



FiQ. 278. 



Fio. 274 




Eeduplicate is a form of valvate aestivation, in 
which the edges turn slightly outward, or touch by 
their internal face (Fig. 275). 

In the Contorted arrangement, each leaf overlaps 
its neighbor, and the parts seem twisted together 
(Fig. 276). It becomes Convolute when each sepal 
or petal wholly covers those within it. 



Fia. 275. 



Fig. 276. 
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In Imbricate aestivation, the parts of a floral cir- 
cle, usually five, are placed as seen in Fig. 277. The 
fii-st leaf is external, the fifth internal, and the inter- 
mediate ones successively overlap each other. 

The QciNcuNCiAL arrangement is seen in Fig. 278. 
There are two exterior leaves, two interior, and one 
intermediate. 





The Vexillary arrangement (Fig. 279) is a form 
of the quincuncial, where one of the petals, that 
ought to be internal, has, by rapid growth, become 
larger than the others, and external to them, so as 
to cover them in. 

In the CooHLEAB arrangement, inequality of de- 
velopment has produced the order seen in Fig. 280. 

We are reminded of the Decussate arrangement 
of foliage-leaves by the position of the floral leaves 
shown in Fig. 281. 



Fig. 279. 



Fig. 280. 



Fig. 281. 






Digitized by VjOOQ IC 



132 THE SECOND BOOK OF BOTANY. 

The SuPERVOLUTE arrangement is the name given 
to the folding of the gamosepalons calyx, or the 
gjimopetalons corolla (Fig. 282). Observe whether 
the overlapping is from right to left, or from left to 

Fio. 282. Fig. 283. 




right, as you stand before the flower. Observe, also, 
whether the mode of arrangement is the same in the 
calyx and corolla. 

The plaiting of a gamopetalons corolla is shown 
in Fig. 283. 



EXERCISE XLY. 
Cyfnose, or Definite Inflorescence. 

In the " First Book " nothing was said about the 
varieties of definite, or cymose inflorescence, because 
it often requires much skill and patience to determine 
whether a paij^^bH* panicle, corymb, raceme, or head, 
is definite or irsK^nite. 

The buttercdp, wild-columbine, rose, and cinque- 

^/%n a^^ "'^mmon examples of cymose inflorescence 

mate -leaved plants, while Saint- John's- 
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wort, chickweed, sednm or live-forever, dog-wood, 
elder, hydrangea, are opposite-leaved examples. Get 
as many of these as you can, and begin the study 
with the inflorescence of an alternate-leaved plant. 
Compare it with Fig. 284. In this plant each shoot 




terminates in a flower, and the gv^MllF is continued 
by means of branches. In this figurfe the main, or 
primary stem (A, A), terminates with a flower which 
must, of course, be the oldest of the cluster. The 
branches (B, B, B) continue the growth, blossom, and 
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cease to lengthen. From these branches proceed 
others (C, C), and so on. 

Such a loose, irregular, definite inflorescence is 
called a cyme ; but, when the number of branches is 
greatly increased, and the peduncles acquire such 
lengths as to give a peculiar outline, the cluster re- 
ceives a more special name. Fig. 285 represents the 
cymose inflorescence of an opposite-leaved plant. The 
main, or primary stem, terminates in a flower between 
two branches. These branches, or secondary stems, 
also terminate in flowers, each one of which is situ- 
ated between branches of the third order, and so on. 

In this way is formed 
a forked or dichotomous 
cyme. If, in place of two, 
we have three branches, 



FiQ. 285. 




Fig. 2S6. 



^^^^ 




forming a sort of whorl around the primary stem, and 
each of these branches has another whorl of three 
tertiary branches, and so on, we get a trichotomous 
cyme. When the branching is carried forwardj as 
seen in Fig. 286, the cyme becomes globose. When 
the central flower is suppressed, the process of de- 
velopment is not easily traced. 
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Suppose that, at each stage of the branching in 
Fig. 285, one of the divisions is regukrly suppressed, 
as shown in Fig. 287, where the dotted lines take the 
place of the absent branches, the cyme is apparently 
changed into a one-sided raceme, and the flowers seem 
to expand in the same way as in the indefinite raceme. 
In opposite-leaved plants bearing this, kind of inflo- 
rescence, the leaf or bract opposite the flower shows 
that the raceme is definite ; but when, as in Fig. 288, 



Fia. 23T. 



Fig 28S. 





there is no such bract, it is not easy to decide whether 
the cluster is definite or indefinite. However, the 
one-sided mode of branching gives the stem a coiled 
appearance, which is characteristic of the false or 
cymose raceme, and has led to the name scor^jpioid 
which is sometimes applied to it. 

You may know a cynwse umbel by observing 
that its oldest flowers arc in the centre of the cluster 
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(Fig. 289), with buds, on short peduncles, sun*ound- 
ing them. 

A Fascicle (Fig. 290) is a cymose cluster of nearly 
sessile flowers. 

Fig. 289. Fig. 290. 



Fig. 291. 
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A Glomeritle is a cymose cluster of sessile flow- 
ers in the axil of a leaf (Fig. 291). 

What is known as compound inflorescence occurs 
when the flower-clusters of a plant develop in one 
way, and the plant itself develops in another way. 
For instance, in Fig. 291 each cluster is definite, or 
cymose, while the stem that bears them is indefinite. 
This state of things is often met with. Compare the 
development of the sunflower with that of catnip 
and horehound in this respect. 

The indefinite mode of growth is sometimes spoken 
of as centrifugal, because the flowers open first at the 
circumference; while definite forms are said to be 
centrifugal, because here the flowers open at the cen- 
tre first. 



EXERCISE XLVI. 
Duration of Floral Envelops, 

The floral whorls are said to be Caducous when 
they fall off at the opening of the flower. Ex- 
amples, calyx of the poppy, corolla of the grape- 
vine. 

Deotouous, when they fiill before the fruit is 
formed. 

Persistent, when they remain till the fruit is 
matured, as is frequently the case with the calyx of 
inferior fruit. 

Marcescent, when they persist in ^ dry and 
withered state. 
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EXERCISE XLVII. 
Surfaces. 

The surfiices of plants are said to lie Silky when 
the hairs are long, very fine, and pressed closely to 
the surface, so as to present a silky appearance. 

Arachnoid, when the hairs are very long, and 
loosely entangled, so as to resemble cobweb. 

Bearded, when the hairs are long, and placed in 
tufts. 

Downy, or Pubescent, when the hairs form a 
short, soft stratum, which only partially covers the 
cuticle. 

Hairy, when the hairs are rather longer, and 
more rigid. 

Villous, very long, very soft, erect, and straight. 

Velvety, short, soft, very dense, but rather rigid, 
forming a surface like velvet. 

^Estivation (Lat., cBstivus^ sammer). 

Arachnoid (Gr., araehne^ a spider). 

Cochlear (Lat., cochlea^ a snail). 

Convolute (Lat., eonvolutus, wrapped together). 

Cyme (Lat., eyma, a sprout). 

Decussate (Lat., deeussatus^ cut crossways). 

Dichotomous (Gr., dichotomoSy divided into two). 

Distichous (Gr., dis, twice ; stichos, a rank). 

Heterodromous (Gr., eteros, another ; dromos, course). 

Homodromous (Gr., omios^ similar). 

Induplicate (Lat., in, in ; duplicatus^ doubled). 

Marcessent (Lat., marcesco^ I decoy). 

Phylotaxis (Gr., phullon, a leaf; taxis, order). 

Quincuncial (Lat., quincunx, an arrangement of five). 

Supervolute (Lat., super, upon ; wlutus, rolled). 

Vexillary "(Lat., vexillum, a standard). 

Villose (Lat., villus, wool). 
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THE COHFOSniE. 



EXERCISE XLVm. 

JParts of Flower-Heads. 

To illustrate this chapter, gather all the plants 
you can find that have the inflorescence in a dense 

Fio. 292. 

Florets. 

Involucre of Bracts. 
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head. The dandelion, thistle, aster, marigold, sun- 
flower, daisy, dahlia, burdock, mayweed, baehelor's- 
buttoH, boneset or thoroughwort, golden-rod, lettuce, 
saffron, cudweed or everlasting, wormwood, tansy, 
yarrow, feverfew, camomile, ragweed, tickseed, ele- 
campane, are familiar examples of such plants. For 
your first observations select some flower-head in 
which the parts are well developed, as the marigold, 
thistle, or dandelion. Fig. 292 shows a thistle-head, 
with lines pointing to its principal divisions. 

Fig. 298. 

Florets. 



iDYolncre of Bracts. 



Fig. 293 represents a marigold, in which the same 
parts are shown. In Fig. 294 we look down upon 
the top of the flower-head, and observe that it pre- 
sents unlikeness of aspect, which is still more plainly 
seen in the section (Fig. 295). 
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Fig. 204. 



DiflkFlorete. 



—Bai 



Florets. 



Fio. 296. 




^ Ray Florets. 



Disk Florets. 
I 

The parts pointed out in these pictures may be 
thus defined : 

Involucre. — The outer green circle of a flower- 
head, often mistaken for a calyx. 
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Scales. — The bracts forming the involucre of a 
flower-head. 

Florets. — The flowers of a flower-head. 

Ray Florets. — The outer petal-like florets of a 
flower-head. 

Disk Florets. — The inner florets of a flower- 
head. 

Observe the bract at the base of the floret in Fig. 
297. Observe the chaffy, bract-like bodies growing 
among the florets in Fig. 296. Examine your speci- 
mens, and see if, in any case, you find such things 
growing out of the receptacle among the florets. 

FiQ. 296. Fig 297. Fig. 298. 




^ 



These chaffy bodies are known as jpalecB. When 
they are wanting, the receptacle is said to be naked. 
Separate the naked from the chaffy flower-heads of 
your collection. 

In Fig. 298 you see the convex receptacle at a. 
Observe the different forms presented by the recep- 
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tacle in the last four figures. Strip away the florets 
from your flower-heads, and compare them in this 
respect. Are any conical in shape ? Are any colum- 
nar? Are any pitted or honey-combed? In Fig. 
298 is shown half the involucre of a marigold. Com- 
pare the involucres of your collection. They may 
be hemispherical, conical, inversely conical, squar- 
rose, oblong, cup-shaped, etc. Their scales may be 
many or few ; narrow or broad ; in one or several 
rows ; loosely or closely imbricate ; chaffy, spinous, or 
soft ; reflexed, colored, etc. 



Fio. 299. 



EXERCISE XLIX. 
The Florets. 

Let us now examine, with some care, the struct- 
ure of florets. The flower-head here dissected is that 
of the marigold. If you 
cannot get this plant, take 
the sun-flower, or daisy, 
or dandelion and thistle, 
or any other flower-heads 
you happen to have. Of 
course, it is desirable, at 
the outset of study, to 
get the largest florets you 
can find. 

Fig. 299 represents a 
section of the marigold ; 

a, the ray fiorets ; J, the 

7 
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disk florets ; e, the involucre ; dy the receptacle ; and 
e, the peduncle. 

Fig. 300 shows one of the ray florets, with its 
strap-shaped corolla, d the limb, and e the tube. At 
e is seen the forked stigma of the pistil ; a is the 
ovary, and i the limb of the calyx. Compare this 
picture, or, what is better, a living example, with 
one of the florets of a dandelion, and carefully note 
the differences of structure they present. 



FiQ. 800. 



Fig. 801. 





Fig. 301 represents a disk floret ; a, the ovary ; 
5, the limb of the calyx ; and ^, the tubular corolla. 
Compare this floret with those of the thistle, or any 
tubular florets in your collection. 

In looking for the limb of the calyx in your speci- 
mens, you have found very various and peculiar ap- 
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pearances. This part of florets, from its singularity, 
has received the special name oi pappus. In some, 
you observe, it does not exist at all, the adherent tube 
of the calyx forming an indistinguishable part of the 
ovary ; in such cases the limb is said to be obsolete. 
Again, it is a mere rim, or border ; sometimes it is 
cup-shaped, or bristly, or composed of teeth, scales, 
awns, or beards. 

In the dandelion (Fig. 302) and the thistle it 
is silky. The reason given for this singular con- 

Fio. 802. Fio. 808. Fio. 804. 




dition of the calyx-limb is, that it is starved and 
stunted while growing, by the constant pressure of 
the florets against each other. In the case of the 
dandelion, while the seed is maturing, the tube of 
the calyx is prolonged above the ovary into a kind 
of stalk, and the pappus is said to be stijntate. 

But let us return to the florets. Wc have not yet 
examined their essential organs. Just below the 
stigma, in the disk floret (Tig. 301), is a cylindrical 
body, which, at first, you may not understand. Slit 
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it down, flatten it out, and examine it with your 
glass. Is not this cylinder composed of slender co- 
herent anthers I Do you not see each anther with its 
filament, as shown in Fig. 303, which represents the 
tube seen in Fig. 304, thus laid open ? The stamens 
of this floret are syngeneseous. 

The following is a schedule of the $ and ? 
florets of the marigold : 

Schedule Eighth. 



Organs. 


No. 


Cohesion. 


Adhesion. 


Calyx? . 
Sepals. 


5* 


Gamosepalous. 
Limb ol nan'ow 
scales. 


Superior. 


^ Corolla ? 
Petals. 


5 


Gamopetalous, 
tubular. 


Epigynous. 


5 Stamens? 


5 


Syngeneseous. 


Epigynous. 


5 Pistil? 
Carpels. 


2 


Syncarpous. 


Inferior. 


9 Corolla? 
Petals. 


5 


Gramopetalous, 
strap-shaped. 


Epigynous. 


9 Stamens ? 











? Pistil? 
Carpels. 


2 


Syncarpous. 


Inferior. 



♦ As the corolla is five-lobed, and there are five stamens, 
the florets seem to be five-merous, and we put the number of 
Hepals as five. 
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The two carpels are inferred from the two-lobed 
Btigma. 

Study the florets of the dandelion. Is there more 
than one sort in the head ? Select a well-developed 
floret, and describe it. Does your account agree 
with the following schedule : 

SCHSDITLX KniTH. 



Orgnj^ 


Ko. 


Cohefdoo. 


Adhesion. 


Calyx? 
Sepals. 


5 


Gamosepalous. 


Superior. 


Corolla? 
Petals. 


5 


Gamopetalous. 


Epigynous. 


Stamens ? 


5 


Syngeneseous. 


Epipetalous. 


Pistil? 
Ca7*j>els. 


2 


Syncarpous. 


Inferior. 


Seeds ? Solitary, erect, exalbimiinous. 



In the same way see how many sorts of florets 
you can find upon the thistle-head, and carefully 
describe whatever you find. Do the same for all the 
plants of this family that you have collected. "WTien 
a flower-head has both disk and ray florets, note 
whether they are $, ? , S , or neutral. 

When you have done this, you will be able prop- 
erly to apply the following terms to inflorescences of 
this order : 

When all the florets of a head are 2>e)feot, it is 
said to be homogamous. 
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When part of the flofets are imperfect^ the head 
is said to be heterogamoua. 

Flower-heads are discoid when destitute of ray 
florets. 



EXERCISE L. 
Characters of the ComposUce. 

Dandelions, daisies, dahlias, thistles, etc., we see, 
are composed of many florets, enclosed in a calyx-like 
involucre. Plants of this kind have, therefore, been 
named compositae from the compound, or composite, 
nature of what, to the untaught, seems a single 
flower. They form one of the most numerous, and, 
at the same time, one of the most natural and perfect 
families in the vegetable kingdom. There are about 
nine thousand different species included in it. They 
are found in all countries and climates. About \ of 
the plants of North America, and J of all tropical 
plants, belong to it ; indeed, from |^ to ^ of all the 
plants in the world are of this order. 

Now, why is this order said to be very natural ? 
Wliy, for instance, is it a more natural group than the 
rose family ? If examples of all these nine thousand 
species were brought together, they would be seen to 
have one conspicuous and many important characters 
in common. In every one of them the inflorescence 
is a dense head, enclosed in a more or less compact 
involucre. But, when you have collected all the 
members of the rose family, you do not see so many 
features common to all, nor any marked one which 
stamps them as similar. On the contrary, in all their 
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prominent cliaracters, they are often widely nnlike, and 
only experienced botanists can detect their affinities. 

It must not be supposed, however, that all plants 
with flowers in a head belong to this family. The 
case is not quite so simple. Plants are not to be 
classified by a single character, you know. We must 
not forget our principle that characters of cohesion 
and adhesion in the flower are of the first importance 
in determining affinities. 

Now, what are the characters of cohesion and ad- 
hesion in which the florets of all the plants named in 
Ex. XLVin. agree ? In the matter of cohesion, you 



Fio. dO«. 



Fia. dOT. 



Fia 806. 




always found the calyx gamosepalous, the corolla 
gamopetalous, the stamens syngeneseous, and the 
forked style, of which Fig. 306 is a magnified view, 
seems to imply a syncarpous pistil, although the ovary 
is one-celled and one-ovuled. 
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In the matter of adhesion, you always found the 
calyx-tube adherent to the ovary (Fig. 308), forming 
the peculiar kind of achenium, known as a cypcela, 
and on further inspection you would find one erect 
exalbuminous seed (Fig. 307) ; and, if you were to 
examine the entire nine thousand species, you would 
find them all bearing the same characters. 

But you need not discover all these characters 
before you decide that a given plant belongs to the 
composite order. If you find syngeneaeous stamens 
in the florets of a dense flower-heady it settles the 
question. The coexistence of the two characters 
makes sure the inference that the plant has all the 
above-named characters, and also that it is more or 
less bitter. 

Well, you have now the means of easily recog- 
nizing the members of this great family. They dififer 
from all other plants, not in their inflorescence, for 
many other plants blossom in a head ; not in having 
syngeneseous anthers, for in many other plants the 
anthers are coherent ; but they differ from all other 
plants in possessing both these characters. This 
circumstance is, therefore, said to cJiaracterize the 
compositsB. Observe the distinction between that 
which characterizes an order and the characters of 
that order. The coexistence of the two characters — 
syngeneseous anthers and a flower-head — is sufficient 
to identify any plant of the order compositae, or, 
what is the same thing, to characterize it ; but all the 
other characters that invariably accompany these are 
the cTiaracters of the order. 

Though all composite plants are alike in certain 
particulars, called their m'dinal characters^ they differ 
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much among themselves in other respects. Though 
they all have bitter properties, yet some are tonic, 
some acrid, and some narcotic. One group will have 
milky juice, another will be watery and aromatic, or 
mucilaginous, or gummy, or oily. In respect to the 
structure of flower-heads, you have already found the 
dandelion, with all its florets, perfect and ligulate ; 
you found the thistle with perfect tubular florets, you 
found the marigold with ? ligulate disk florets, and 
5 tubular ray florets, the daisy with ? ray florets, 
and $ disk florets. Differences of this kind serve in 
arranging this vast family into sub-families, and these 
sub-families are again separated into smaller groups 
by still other characters. Differences in the involu- 
cre, and in the conditions of the inferior fruit, serve 
to separate them into what are called genera, and 
then the species of a genus are found to differ still 
further in the characters of leaf and stem, in size, 
color, etc. 

In Order VIII. of Chart 11., illustrating the 
CompositflB, the characters of the dandelion, thistle, 
marigold, bachelor's-button, and globe amaranth, are 
given ; those of the dandelion and thistlo are pre- 
sented in full detail, and much enlarged. 
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EXERCISE LI. 
Cliaracters of the Crudferw. 

The plants of this order bear flowers with a cru- 
ciferous corolla. About sixteen hundred species have 
been discovered, and they are all wholesome. They 
grow in every zone and country, but chiefly in tem- 
perate regions. Both wild and cultivated species are 
common, and the characters by which they are known 
are few and obvious, so that you may easily make 
their acquaintance. Mustard, horse-radish, shep- 
herd's-purse, turnip, cabbage, radish, pepper-grass, 
cress, and honesty, are familiar examples, which you 
must often have observed and studied ; and I wonder 
how many of you can recollect certain characters pe- 
culiar to these plants. Procure them, and confirm, 
by direct observation, the following statements : 

The flowers of this family of plants have four 
petals, so placed as to resemble a cross. They have 
six stamens, four long and two short (Fig. 114) — tetra- 
dynamous stamens. Their inflorescence is racemose, 
and without hracts. Any plant with these characters 
is a crucifer. These three characters are alone sufli- 
cient to chxiracterize a plant ^s cruciferous ; but they 
always accompany certain -other traits of structure, 
which you will discover on glancing at the columns of 
the schedules you have made in describing them. In 
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each case there are four sepals and four petals. There 
is no cohesion in any of these flowers, unless you ex- 
cept the spuriously syncarpous pistil (Fig. 230). They 
are also without adhesion. I do not know how suc- 
cessful you may be in observing the embryo, but, with 
a good magnifying-glass, you should be able to see 
that the radicle is folded upon the cotyledons, some- 
times against their edges, sometimes against the back 
of one, but always folded. Now, these invariable 
features are the ordinal characters of the cruciferse. 
You may identify any one of the sixteen hundred 
known species by the three features first named, and, 
when you have done this, you may safely infer the 
existence of all the others. You are enabled to 
do this because botanists have carefully studied and 
analyzed these plants, and in every case, along with 
a cruciferous corolla, tetradynamous stamens, and 
bractless inflorescence, the other features have inva- 
riably been found. 

I wish to say a word about the importance of the 
characters by which you determine whether a plant is 
or is not a crucifer. Some of you may think it strange 
that such features as the length of stamens and the 
absence of bracts should be named in describing an 
order of plants. These points of structure would not 
be looked upon as ordinal characters but for one cir- 
cumstance, to be carefully borne in mind. It is their 
constancy^ which here gives them value. They take 
rank from \\\Q\r permanence. Permanent or constant 
characters, no matter how trivial otherwise consid- 
ered, are of high value in classification. 

Order II. of Chart I. exhibits the characters of 
the cruciferse as here described. 
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THE TTHBELLIEEBiB. 



EXERCISE LIT. 
Structure of its Flowers and Fruit. 

The plants of this family blossom in umbels. An 
umbel, with its pedicels all starting from one point, 
like the rays of an umbrella, is a feature of plants so 
striking that it has naturally given its name to the 
gi'oup that bears it. But, as you saw that a plant 
blossoming in a head did not necessarily belong to 
the compositaB, so you are now to find that all umbel- 
bearing plants are not, therefore, placed among um- 
bellifersB. It has been found that certain plants blos- 
soming in umbels are alike in many other respects, 
and are at the same time unlike all other plants in 
the structure of their flowers, and particularly of 
their fruit. These umbelliferous plants constitute 
the family we are about to examine. 

They are " natives chiefly of the northern parts 
of the northern hemisphere, inhabiting groves, thick- 
ets, plains, marshes, and waste places. They appear 
to be extremely rare in all tropical countries except 
at considerable elevations, where they gradually in- 
crease in number, as the other parts of the vegetation 
acquire an extra-tropical or mountain charjicter." 

At the outset let me warn you that this is an or- 
der of plants to be suspected. Though some of its 
species are excellent food, yet some, when eaten, are 
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deadly poisons, as hemlock, water parsnip, and fool's- 
parsley. These poisonous species so strongly resem- 
ble esculent ones that only botanists can distinguish 
them, and many persons have made the fatal mistake 
of eating their roots. But the carrot, parsnip, parsley, 
celery, lovage, caraway, coriander, etc., are common 
cultivated species of this order, and none of the species 
are poison to the touch. 

In your rambles you will be likely to find a large, 
coarse-looking, hairy or woolly, strong-scented plant, 
three or four feet high, which grows in moist, culti- 
vated grounds, from Pennsylvania to Labrador, and 
west to Oregon. It has a thick, furrowed stem, ter- 
nate leaves, with large, channelled, clasping petioles, 
and blossoms in June, bearing huge umbels, often a 

Fig. 809. 



foot broad. It is a species of cow-parsnip, sometimes 
called masterwort. Its flowers have white, deeply- 
heart-shaped petals. As its parts are comparatively 
large, the flower of this plant is here chosen to ex- 
hibit the peculiarities of the order. In Fig. 309 it 
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is given in section, and here follows its schedule- 
description. 

SOHEDULB TkVTH. 



Organs. 


No. 


Cohesion. 


Adhesion. 


Calyx? 

Sejms. 


5 


Gamosepalous. 


Superior. 


Corolla? 
Petals. 


5 


Polypetalous. 


Epigynous. 


Stamens ? 


5 


Pentandrous. 


Epigynous. 


Pistil? 
Carpels. 


2 


Syncarpous. 


Inferior. 


Seeds ? One in each carpel — ^pendulous, 
albuminous. 



Now look at an ovary tliat has attained its full 
size, and lost its petals and stamens. It has turned 
brown, the furrows on its sides are deepened, and it 
separates into two halves, commonly called seeds 
(caraway seed, for example). This ovary requires 
close study. In Fig. 310 you see its two carpels sus- 
pended in a peculiar manner. You may see in your 
specimen this slender, forked carpophore. 

The fruit of the umbelliferae consists of two 
achenia, called a cremocarp^ and each achenium, or 
carpel, is called a meAcarp. The inner faces of the 
carpels, which are in contact before ripening, are 
called the commissure. 

Fig. 311 is a magnified view of the back of a 
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mericarp. Five ridges are seen passing from bottom 
to top of each mericarp, and often four intermediate 
or secondary ones, which may be, some, none, or 
all of them, winged. In the substance of the thin 
pericarp are little bags of colored oil, called viUw, 
that give aromatic and stimulating properties to all 
the plants of this family. Four of these bags are 
seen in Fig. 311, in the intervals of the ribs. In the 

Fio 810. Fig. 811. Fio. 812. 





Cremocarpof 
two Carpels, each 
of whicb is a 
Mericarp. Mericarp. Cross-section of a Mericarp. 

cross - section of a mericarp (Fig. 312) the little 
mouths of the four oil-bags of the back are seen, 
along with two others, in the face of the commissure. 
If you have diflSiculty in finding these oil-bags, cut 
the carpel across, as shown in Fig. 312, and look 
down upon it with your glass, and perhaps their cut 
ends will be visible to you. A thin section, moist- 
ened and seen under a microscope, reveals them very 
distinctly. 

Collect all the plants you can find with this kind 
of inflorescence, and examine their flowers and fruit. 
In most cases you will need your glass and much 
patience in doing this ; but, if you cannot discover 
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all the minute details of structure, you can, at least, 
tell whether the fruit of the plant is like that of the 
cow-parsnip or not. 



EXERCISE UII. 
Ciassiflcation of Umbel-bearing I^lants. 

If you verified the observations made in Ex. LII., 
you will understand the following description of the 
order Umbelliferse : 

Calyx, superior ; limb, obsolete, or entire, or a five- 
toothed border. Petals, five, mostly with the point 
inflexed, and, along with the five stamens, inserted 
on the outside of a fieshy, epigynous disk at the base 
of the two styles. Fbuii, consisting of two carpels, 
cal]edmeri<)a7^8, cohering by their faces, the commis- 
sure separating when ripe, and suspended from the 
summit by a prolongation of the receptacle, called a 
carpophore / each carpel is marked by five primary 
ribs, and a variable number of intermediate or sec- 
ondary ones, between which are found oil-tubes, called 
vittcB, filled with aromatic oil. Seeds, solitary, ana- 
tropous, with minute embryo in homy albumen. 

Herbaceous plants, with hollow, furrowed stems. 
Leaves, alternate, mostly compound, usually sheath- 
ing at the base (Fig. 313). Flowers, in umbels, usu- 
ally compound, often with involucre and involucels 
(Fig. 314). 

Some of the plants of this family arc innocent 
and aromatic, others very poisonous. • 
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So, you see, we have here a family of fifteen hun- 
dred species, all blossoming in umbels, and named 



Fig. 818. 




from this circumstance, and yet distinguished from 
the rest of the vegetable kingdom by quite other 



Pig. 814. 



characters than the inflorescence. If your notion of 
the order were founded on its name, or upon the 
general aspect of a few familiar species known to be- 



Digitized by VjOOQ IC 



160 THE SECOND BOOK OF BOTANY. 

long to it, you would most likely pronounce an elder- 
bush an umbelliferous plant. "You would find a 
large umbel, a small umbel, little, white blossoms, an 
inferior ovary, and five stamens. Yes, it must be an 
umbelliferous plant. But look again: suppose you 
take a fiower. In the first place, instead of five dis- 
tinct petals, you find a corolla, with five divisions, it 
is true, but, nevertheless, with all five joined into one 
piece; now, umbelliferous plants are not so con- 
structed. Here, indeed, are five stamens, but you 
see no styles ; you see three stigmas more often than 
two, and three grains more often than two ; but um- 
belliferous plants have never either more or less than 
two stigmas, nor more or less than two grains to each 
flower. Besides, the fruit of the elder is a juicy 
berry, while that of umbelliferous plants is dry and 
hard. The elder, therefore, is not an umbelliferous 
plant. If you now go back a little, and look more 
attentively at the way the flowers are disposed, you 
will also find their arrangement only in appearance 
like that of umbelliferous plants. The first rays, in- 
stead of setting off exactly from the same centre, 
arise, some a little higher and some a little lower ; 
the little rays originate with stiU less regularity; 
there is nothing like the invariable order you find in 
umbelliferous plants. In fact, the arrangement of 
the flowers of the elder is a cymej and not an um- 
bel." 

But you need not search for all the. characters 
given in the foregoing description in settling the 
question whether a plant is or is not umbelliferous. 
If it bears flowers in umbels, and produces inferior 
fruit, that when ripe separates into two seed-liko 
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bodies, it is an umbelliferous plant. These simple feat- 
ures give precision and distinctness to the order, so 
that the study of minute characters is only needed in 
separating this large group into lesser groups with a 
still greater number of like characters and properties. 
The number and development of ribs, the presence 
or absence of vittse, the form of albumen, etc., are 
used for this purpose. Hence, although a beginner 
readily separates the plants of this order from all 
others, he finds it difficult to tell one genus from 
another, and, till he acquires skill in observation and 
has some experience with this sort of plants, he is 
quite safe in looking upon all of them with suspicion. 
But, if the pupil desires to carry his discrimina- 
tions further, and to trace out the characters of gen- 
era and species contained within the order, there is 
no objection to his doing so, but he will require the 
aid of other works for the purpose. Complete classi- 
fication is the final object of botany, and the present 
course of study is designed as an introduction to it. 
If, however, any students wish to do something with 
it as they go along, they will find some hints that 
may be useful in the last exercise of the volume. 

In Order VI., of Chart 11., the structure of um- 
belliferous plants is shown in detail. Enlarged sec- 
tions of the fruit, with all. its peculiarities of struct- 
ure, are represented in such a way as to reveal the 
parts with great distinctness. 
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EXERCISE LIV. 
Characters of the LaMatce, 

Children who live in or visit the country, and 
those familiar with market-places, know what mints 
are, and can easily get peppermint, spearmint, catnip, 
sage, pennyroyal, thyme, balm, and such like plants, 
to illustrate this exercise. Compare your specimens 
with the following description : 

Herbs, with square stems and opposite aromatic 
leaves ; flowers, with a more or less two-lipped corol- 
la, didynamous or diandrous stamens usually with 
diverging anthers; ovary, deeply four-lobed, on a 
fleshy disk, four-celled, each cell with one erect ovule 
forming in fruit four little seed -like nutlets or 
achenia, around the base of the single style, in the 
bottom of the persistent calyx. Seeds with little 
albumen ; cotyledons flat. Stamens inserted on the 
tube of the corolla. Stigma, forked. Flowers, ax- 
illary, chiefly in cymose clusters, that are sometimes 
gathered into spikes or racemes. Leaves, usually 
dotted with glands, containing a pungent, fragrant, 
volatile oil. 

Whenever you flnd a plant that answers to this 
description, it belongs to the order LabiatsB. The 
group is named from the two-lipped corolla of its 
flowers, but you cannot know one of these plants by 
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this circumstance alone. There are many plants with 
labiate flowers that do not belong here. There are 
manj plants with square stems, opposite leaves, and 
labiate flowers, that still do not belong in this order. 
Nor do you find in this list of characters any that 
may not be found elsewhere, as you do in the case of 
the fruit of Umbellif(M«, for instance. Is it, then, 
necessary, in every case, to make an extended and 
minute examination of plants suspected of being in 
this order before deciding that they really are so? 
We can best answer this question by carefully ob- 
serving certain plants. First get a specimen of ver- 
bena, a widely -cultivated plant belonging to the 
family Verbenaceae, and compare it with any of the 
labiate plants named in the beginning of this exer- 
cise, thus : 



The Verbenace® are herbs or 
slirabs with opposite leaves. 

More or less two-lipped or ir- 
regular corolla. 
Didynamons stamens. 

Two to four celled fruit, dry, 
or drupaceous, usually split- 
ting, when ripe, into as many 
one-seeded, indehiscent nut- 
lets. 



Seeds, with little or no albu- 
men; the radicle of the 
straight embryo pointing to 
the base of the fruit. 



The Labiatfle are chiefly herbs, 
with square stems, opposite, 
aromatic leaves. 

More or less two-lipped co- 
rolla. 

Didynamous or diandrous sta- 
mens. 

A deeply four-lobed ovary, 
which forms in fruit four 
little seed -like nutlets or 
achenia surrounding the 
base of the single style in 
the bottom of the persist- 
ent calyx ; each nutlet filled 
with a single erect seed. 

Albumen, mostly none; em- 
bryo, straight; radicle, at 
the base of the fruit. 
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The affinities of these orders are so strong that, at 
first, one abnost wonders why botanists regard them 
as distinct. But we remember that the characters by 
which they differ, though not conspicuous, are yet 
very important, being characters of the essential or- 
gans and the fruit. The deeply-lobed ovary, with the 
style growing out from its base, and surrounded in 
fruit by the four nutlets, distinctly separates the two 
groups. But does this structure of the ovary distin- 
guish the LabiataB from all other plants ? Let us see. 

There is a femily of rough, hairy herbs, known as 
borages, with flowers in cymose clusters, unrolling as 
they expand, as described (page 135), which it will be 
well to study with reference to this point. One of 
its species, the forget-me-not, is a common, widely- 
diffused plant of this order, which you may get, and 
compare with the following description : 



The BoraginacesB are cliiefly 
rough, hairy herbs, with 
(not aromatic) alternate, en- 
tire leaves. I 

Symmetrical flowers, with fiYe- 
]>arted calyx, and regular! 
fi ve-lobed corolla. 

Five stamens inserted on the 
corolla tube. 

Ovary, deeply four-lobed, the 
lobes surrounding the base 
of the style, and forming in 
fruit four seed-like nutlets, 
each with a single seed. 

Albumen, none; cotyledons, 
plano-convex ; radicle, point- 
ing to the apex of the fruit 



The LabiatsB are chiefly herbs, 
with square stems, and op- 
posite, aromatic leaves. 

More or less two-lipped co- 
rolla. 

Didynamous or diandrons sta- 
mens. 

Ovary, deeply four-lobed, form- 
ing in fruit four seed -like nut- 
lets around the base of the 
single style, in the bottom 
of the persistent calyx, each 
filled with a single erect seed. 

Albumen, mostly none; em- 
bryo, straight; radicle, at 
the base of the fruit. 
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Here, then, is an order of plants, the Boraginaceae, 
which is very different from the Labiatse, except in 
the characters of the ovary, and in these characters 
it is almost identical with that order. You have in 
this instance an example of the puzzling relationships 
encountered in chissification. The verbenas cannot 
be grouped with the labiates, because, though won- 
derfully like them in many other respects, they are 
so unlike in the characters of the pistil ; the borages, 
though agreeing essentially with the Labiatae in the 
characters of the pistil, cannot be classed with thera, 
because of their differences in so many other re- 
spects. 

At any rate, you now see that the structure of the 
ovary is not characteristic of the Labiatae. To iden- 
tify the members of this group, we have to bear in 
mind several characters, which you are prepared to 
do if you have examined and compared the plants 
named above. When you find a plant with a two- 
lipped corolla, square stem, and opposite leaves, 
joined with a deeply-lobed ovary and basic style, 
you need not hesitate to place it among Labiatae. 

You have now examined a good many species of 
plants belonging to four different natural families — 
the Compositae, the Cruciferae, the Umbelliferae, and 
the Labiatae. Can you tell whether their leaves are 
parallel-veined or net-veined ? Have you ever seen 
a parallel-veined cruciferous plant ? Have composite 
plants, as far as you know, parallel-veined or net- 
veined leaves? Try to find whether the leaves in 
the plants of these orders are alike in their venation. 

Order XH., of Chart III., exhibits the characters 
of the Labiatae. 
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^ EXERCISE LV. 

Characters of the Coniferce, 

There is still another large group of widely-dis- 
tributed plants that must be specially described. 
When we speak of evergreens, everybody knows 
what we mean, and thinks of pines, balsams, hem- 
locks, spruces, cedars, junipers, arbor-vitses, or what- 
ever species are most familiar. When we speak of 
cone-bearing trees or shrubs, it is not qnite the same 
group of plants that is thought of, for, although every- 
body knows what cones are, yet untaught and unob- 
servant people would hardly think of a juniper-berry 
as in any way allied to a cone. But, although cone- 
bearing trees are everywhere to be found, and uni- 
versally known, yet very few people can tell when 
they flower, what sort of flowers they bear, or what 
a cone really is ; and yet their structure and habits 
in respect to flowering and fruiting are even more 
remarkable than their general appearance. They are 
monoecious or dioecious, and blossom in spring. Their 
flowers are in clusters, usually aments, sometimes in 

^es, and sometimes at the extremi- 
The fruit is two years in ripen- 

-grown cones, seen upon them in 

3oms the year before, 
flowers, you must begin in the 
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spring, and look carefully for the fertile and sterile 
aments, which will usually be found on different 
branches of the same tree. And, while you are 
searching for their flowers, observe also their re- 
markable foliage. Fig. 315 shows a fascicle of nee- 
dle leaves from the pine. Observe the number of 
leaves in each fascicle of the specim^i 
you are studying, for the species vary 
in this respect. Fig. 316 represents the 
scale-shaped leaves of arbor-vitse. In 
evergreens of this sort observe the dif- 
ference between the foliage on the older 
and newer parts of the plant. In dioe- 
cious species, observe whether the foli- 



FiG. 815. 



Fio. 816. 



age is of the same kind on both $ and ? plants. 
When you find awl-shaped leaves upon a young 
branch, observe them from time to time, and note 
their gradual passage into scale-shaped, imbricate 
leaves. Do evergreens "shed their foliage? If so, 



Digitized by VjOOQ IC 



168 THE 8E(X)ND BOOK OF BOTANY. 

when ? and how long does the foliage last ? * Can 
you find young foliage upon old branches ? 

In the pine the inflorescence of the sterile flowers 
is a kind of compound spike (Fig. 317). One of the 
spikelets much magnified is shown in Fig. 318. Each 
flower of this spikelet consists of a single stamen 

Fia. 817. 



only, and this stamen has a most peculiar structure. 
Its filament is so short as to be scarcely discernible. 
It is really a spikelet of anthers, and their connec- 
tive. Eemove a stamen, and examine its inner face. 

* To find whether evergreens shed their foliage, you have 
only to watch the ground beneatli them for fallen leaves. If 
you find that their foliage does fall, and wish to learn by obser- 
vation how long it lasts, notice whether the twigs of the pres- 
ent year keep their foliage all through the coming winter. If 
they do, observe them again next summer, and if it is still 
retained, watch them the third season, and so on. 
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Compare it with Fig. 319, which is a ^ flower of 
the pine. Here you see two anther-cells dehiscing 
vertically, and Fig. 320 represents a grain of the 

Fig. 818. Fio. 819. Fio. 820. 




compound pollen they bear. Seen on the outside, 
this stamen appears to be all connective. This con- 
nective, or scale, as it is usually called, varies in form 
in different species of evergreens ; but these of the 
S catkins of the pine are enough like all the others 
to guide you in searching for and studying them. 
When they have shed their pollen, they wither and 
disappear. 

The 2 , or fertile flowers, are also clustered, and 
appear at the same time as the $ ones, sometimes on 
the same, and sometimes on different branches. It 
is this ? catkin that, in a couple of years, develops 
into the fruit we call a cone. Fig. 321 represents it 
when in flower. The fertile flowers are very simple 
in structure, each one consisting of an open carpel- 
lary leaf, or scale. Hitherto you have always found 
seeds in seed-vessels, but here you will find them 
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borne upon one side of a scale, and hence the Conif-. 
erse are said to be naked-seeded. Get one of these 



Fig. 821. 



? catkins, and detach from it a single flower. Com- 
pare it with Fig. 322. Observe the ovules upon its 



Fig. 82a 
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inner surface. These vary in number and position 
with the species examined. In this specimen of the 
pine we have two inverted ovules, which, in time, 
become seeds. Fig. 323 represents a scale from the 
same kind of catkin after it has become woody, and 
the seeds have ripened. The left side of this scale 
shows the cavity from which one winged seed has 
fiillen, while on the other side a seed still remains. 
You may easily find these seeds in mature cones by 
breaking them across, or, what is better, by putting 
them in a dry place for a day or two, when the scales 
will cleave away and so reveal the seeds within. 

In some evergreens, as arbor-vltae and white cedar, 
when you examine the small terminal catkins, you 
will find the $ ones composed of several scales or 
flowers, each scale bearing two to four anther-cells on 
the lower margin (Fig. 324), while the globular ? 

Fig. 824. Fig. 825. 



catkins consist of four rows of scales, each scale or 
flower bearing one or several erect, bottle-shaped 
ovules at the base (Fig. 325). The developed cone 
of the white cedar is scarcely larger than a pea, with 
scales firmly closed, but opening at maturity. 

The juniper or red-cedar, common on dry, sterile, 
rocky hills, both northward and southward, blossoms 
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in April. The various species are mostly dioecious, 
and the catkins are very small. Observed only when 
in fruit, you would scarcely regard the juniper as a 
coniferous plant, but the ? catkin, when in flower, is 
seen to consist of from three to six scales, bearing a 
variable number of ovules precisely in the same man- 
ner as the pine. But, in ripening, these scales grow 
together, turn purple, and form a berry-like fruit as 

Fio. 826. Fio. 827. Fio. 828, 



large as a pea. Fig. 326 represents one of these 
berries with its scaly bracts underneath, while Fig. 
327 shows one of its enlarged bony seeds. The ber- 
ries ripen the second year from the flower. 

The ground-hemlock is another coniferous plant 
with a berry-like fruit. Its ? flower is more simple 
than those we have been examining, for it consists of 
a single ovule, without even an accompanying scale. 
This straggling bush, two or three feet high, is found 
in shady places, along streams, on thin, rocky soils, 
from Canada to Pennsylvania and Kentucky, and 
south along the Alleghanies. Its linear leaves are 
nearly an inch in length, in two opposite rows, along 
the branches. It blossoms in April. Fig. 328 repre- 
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Bents its axillary S inflorescence, consisting of six 
scale-like connectives, bearing the anther-cells on 
their inner faces. Eig. 329 represents its solitary 
fertile flower. You see it is a single, erect, sessile 
ovule, surrounded by scaly bracts. At its base is a 
cup-shaped disk, that becomes pulpy, red, and berry- 
like, as the ovule ripens and turns black. Fig. 330 
represents a vertical section of this fruit. 



Fio. 8S9. 



Fro. 880. 



Fio. 881. 





The embryo of a coniferous seed is shown in 
Fig. 331. It is said to be pdycotyledoruma. 

The lower half of Chart IV. is devoted to the 
Coniferffi. Examples of the leading genera of this 
order are given, showing the foliage, fruit, and seed, 
the latter much magnified, and all colored from Na- 
ture. 
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THE OBCHIDACEJE. 



EXERCISE LVI. 
Characters of the Orchidacece. 

There is a widely-distributed and well-known 
plant, with showy flowers, blossoming in early sum- 
mer, and called the lady's slipper, or sometimes the 
moccasin-flower (Fig. 332). It is an orchid; and, 
though unlike other orchids in some respects, it has 
the chief traits of the order to which it belongs. 

Provide yourself with some of these plants, and 
compare them with the following description : Herbs 
with parallel-veined leaves and irregular flowers. 
Perianth of six parts in two sets ; the three outer 
ones nearly alike, and petaloid in structm*e and ap- 
pearance ; the three inner ones unlike. One of these, 
dififering much in shape and direction from the others, 
is called the lip. In Fig. 332 the lip is the sac or slip- 
per, which gives the plant its common name. The lip 
varies much in different orchids, but in all its appear- 
ance is singular and striking. It is seen spurred and 
lobed, and assumes many fantastic forms. 

Examine, now, the stamens and pistil of your 
flower. Lift up the little, drooping organ opposite 
the lip, and compare the structure beneath with Fig. 
333. You have here the stamens and pistil consoli- 
dated into one organ, and known as the column. The 
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fertile anthers are shown at a, a, while a sterile sta- 
men back of the stigma is marked st. The stigma is 
marked stiff. The fertile anthers are sessile upon the 
style. In most orchids there is but one anther, which 

FiQ. 882. 
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is fertile, and placed behind the stigma, in the position 
of the sterile stamen of the lady's-slipper. Examine 
the pollen. Instead of being dry and powdery, you 
find it pulpy-granular. In many orchids it coheres 
into coarse grains, held together in one mass by cob- 
webby tissue, and known SLspoUinm (Fig. 334). You 
find just such pollen masses, or pollinia, in the gy- 



FiG. 884. 



Fig. 885. 





nandrous stamens of the milk-weed (Fig. 335). The 
ovary of the lady's-slipper is inferior, forming in fruit 
a one-celled pod, with innumerable minute seeds bonie 
on parietal placentse. In some orchids you find it so 
twisted as to alter the position of the petals. 

The characters of the Orchidaeeae will be better 
understood by comparing them with other groups of 
parallel-leaved plants. Provide yourself with lilies 
of any sort, and specimens of blue-flag, or flower-de- 
luce. Compare your lilies with the following de- 
scription : 

Herbs with simple, sheathing or clasping, parallel- 
veined leaves. Flowers regular, perfect. Perianth 
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of six parts in two circles of similar color and form. 
Stamens six, inserted on the leaves of the perianth ; 
anthers introrse. Ovary free, three-celled, with nu- 
merous ovules on axile placentas ; the styles united 
into one. 

What number have you found prevailing in the 
lilies you have examined? What number occurred 
oftenest in describing the Compositse? The Labi- 
atfiB? The Umbelliferse ? The Cruciferse? Point 
out the affinities of the lady's-slipper and the lily. 

Compare flower-de-luce, or blue-flag, with the fol- 
lowing description : 

Herbs with parallel-veined, equitant, two-ranked 
leaves and perfect flowers. Tube of the perianth co- 
herent with the three-celled ovary; limb petal like 
and six-parted; convolute in the bud in two sets. 
Stamens three, monadelphous or distinct, with ex- 
trorse anthers. Pod three-celled, locolucidal, many- 
seeded. 

What affinities can you point out between the 
flower-de-luce and lily? between the lady's-slipper 
and flower-de-luce t In what respect are these three 
plants alike } 

The nature of orchids will be further explained 
in Course Second. 

On Chart V. several orders of parallel-leaved 
plants are given, and their characters are so magni- 
fied that they may be easily seen and compared. 
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THE OBAMINEiE. 



EXERCISE LYIL 
Characters of the Chraminece. 

There is a large group of plants blossoming in 
peculiar-looking spikes, heads, and panicles, the flow- 
ers of which are furnished with gi*een or brown scales, 
called glumes^ whence the entire group is known as 
the Glumaceae. They constitute a twelfth part of the 
described species of flowering plants, and at least 
nine-tenths of the individuals composing the vegeta- 
tion of the world. They grow everywhere. All 
grasses and all the cultivated crops of grain belong 
among them, besides many other plants not so im- 
portant to man. They have true flowers, but no 
calyx or corolla. The Glumaceae are divided into two 
groups ; one group — the sedges — ^having solid stems, 
while the other — ^the grasses — ^has hollow stems. The 
flowers of both these groups have a special structure, 
which your previous study will not enable you to 
understand. 

From this large class we will select examples 
that belong to the family of grasses or Graminese, 
the members of which have hollow stems, and the 
sheaths of their ligulate leaves are spit in front. 

Gather specimens of wheat, if possible, in blos- 
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Boming-time, when the stamens are to be seen (Fig. 

336). Along the raehis are rows of peculiar-looking 
bundles. The number of these rows 
^®- ^^ varies in different kinds of wheat. 
Break the spike at about the middle, 
and take off a bundle from the top 
of the lower half. Observe whether 
it is attached by its side or its end, 
and whether any of its scales adhere 
to the raehis either wholly or in part. 

Fio. 887. 



Remove the first two of these 

scales: there is no trace of either 

pistil or stamens within them. They 

are quite empty. What do you find 

next? Are there not two or three 

separate flowers forming a sort of 

spikelet within these two outer scales 

(Fig. 337) ? Examine one of them. 

In Fig. 338 a single flower is 

shown, with the two glumes found at the base of the 

spikelet, and called the lower and upper glumes. What 

remain are the parts of a single flower. Beginning 
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with the outermost of these at the right, you see a 
scale called the outer pcdet. Does the outer palet, 

Fig. 888. 

Pistil. 



Stamens. 
Lodicules. 



Inner Palet. Outer Palet 



Upper Glume. Lower Glume. 



in the specimen you are studying, terminate in a 
bristle? 



Fig. 889. 



At the right you see a pecul- 
iar scale, folded at the sides, and 
called B, palet. Then come the scales. 
Look carefully at your flower for 
these minute bodies, which are 
thought to be a sort of perianth, the 
outer and inner scales being of the 
nature of bracts. We next come 
upon the stamens, with their versa- 
tile anthers, and the pistil, with its 
plumose stigmas — ^the unmistakable 
flower. The peculiar features of this 
inflorescence, then, are — 
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Glumes. — Scales of the spikelet, and exterior 
scales of the flower. 

Palets. — Chafly, inner scales of the flower. 

Awn. — The beard or bristle of a scale. 

Squamula. — One of the minute scales at the base 
of the ovary of grasses. 

The following questions, which form a schedule 
for this group of plants, arc answered as if asked 
concerning Figs. 336 and 338 : 



Inflorescence? 


Spike 


Glumes ? 


2. 


Outer palet ? 


1. 


Inner palet ? 


1, 


Lodicules ? 


2. 


Stamens ? 


3. 


Styles? 


2. 



Answer these questions in regard to the heads of 
barley and rye. Compare the culm* and leaves of 
these plants with those of wheat. 

Compare a plant of Indian-corn, when in blossom, 
with the following description: $ flowers in a ter- 
minal panicle of racemes known as the tassel / spike- 
lets two-flowered ; glumes herbaceous, palets membra- 
nous ; anthers three, linear. ? flowers in an axillary 
spike, partially imbedded in the rachis, known as the 
cob, the bracts forming its spathe being the htcsJcs; 
lower flower of each spikelet consisting of two palets, 
abortive; glume broad, thick, membranous, obtuse; 
styles, very long, filiform, exserted and pendulous, 

* Culm : a straw ; the stem of grasses and sedges. 
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forming the ailh; kernels in eight, ten, twelve, or 
some even number of rows. 

Gather a plant of the oat in blossoming-time, 
and compare it with Figs. 340 and 341. Remember 
that the outer glumes belong to the spikelet, and not 
to the flower. Look out for sterile flowers below or 
above the perfect ones. 

Fig. 840. 
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Compare the culm, leaves, and stipules of the oat 
with those of wheat, rye, and barley. 



Fig. 841. 



Outer Fttlet 



Lower Ghune. 




Upper Glume. 



Fig. 842. 



In Fig. 342 are seen the palet, squa- 
mulae, stamens, and pistil. The oat may 
be thus described : 



Inflorescence ? 


Panicle 


Glumes? 


2. 


Outer palet? 


1. 


Palet? 


1. 


Lodicules? 


2. 


Stamens ? 


3. 


Styles? 


2. 
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CHAPTEE XIV. 
FLOWEBLESS PLANTS. 



EXERCISE LVIII. 
Ferns. 



You have often seen dense, green patches of plants, 
more or less resembling Fig. 343, and called IrakeSj 



Fig. 843. 



Fi6. 844. 




Fig. 846. 




or ferns. They seem, when growing, to be all leaf 
and no stem ; but you see in the figure that the stem 
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is a short, underground rhizoma. In some ferns 
the rhizoma takes a vertical direction, and bears a 
whorl or tuft of foliage at the top. Here it gives off 
single leaves as it advances. Although, in our cli- 
mate, the stems of ferns are found creeping under- 
ground, yet in the warm climates of the tropics they 
rise in the air, sometimes forming trees, forty or fifty 
feet in height. 

Did you ever see any flowers upon this sort 
of plant ? any thing that looked like fruit ? Since 
studying the Coniferse, you are aware how very 
simple and obscure flowers may become, and you 
will, of course, look very carefully at a plant before 
deciding that it has none. Gather as many kinds 
of ferns as you can find, and search for the seed- 
bearing portions. Meantime you can learn the 
terms by which their parts are distinguished. They 
are the following : 

The leaf of a fern is called a frond. The stalk 
or petiole of a frond is called a stipe. Point out the 

Fig. 816. 



frond and stipe in the specimens you have gathered. 
The lobes of a frond are called pinncB (Fig, 344). 
Subdivisions of pinnae are called pmnvles (Fig. 346). 
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Point out the pinnae in yonr specimens. Have yon 
found any in which the pinnae are divided or lobed 
by pinnules? Observe the diflferences of stipe in 
your specimens. What kind of soil did you find 
them in? Were they growing in shady or sunny 
places ? Did you observe the way the young fronds 
were folded in the bud? 



EXERCISE LIX. 

Meprodtiction of Ferns* 

Did you find any thing that you could fancy to 
be a flower, in your examination of ferns? Look 
them over once more on all sides, and note all ap- 
pearances that are repeated on different specimens. 
Observe carefully the under side of the frond, along 
the veins and the margin. Do you not anywhere 
find little brown patches resembling the spots seen in 
Fig. 344, representing magnified pinnae, or the pin- 
nules of Fig. 346 ? In Figs. 347 and 348 you see 

Fio. 847. Fig. 848. 
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how these spots may be concealed under folds of the 
margin of fronds. 

These brown patches certainly look very little 
like flowers. Examine them never so carefully with 
your microscope, you will not 
find stameus or pistils. And ^°' *^* 

yet these little brown patches an- 
swer, in a certain way, to seeds. 
It is from them that new ferns 
arise. They are the reproduc- 
tive parts of this class of plants, 
and the fronds that bear them, 
are said to be fertile. Examine 
these spots carefully with your 
magnifying -glass, and compare 
them with Fig. 345 or Fig. 349. 
The small, brownish clusters of 
fruit-dots seen on the under sur- 
face of fronds, in rows along the veins, or on the 
margin of the pinnae, are called sarij and a single 

Fig. 860. Fig. 861. 




cluster a sorus. The scale or protective covering 
of a sorus, seen in Fig. 349, but absent in Fig. 345, 
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is called an indimum. This organ is still more 
plainly seen in Fig. 350. 

In the sorus (Fig. 350) you see little, peculiar- 
looking bodies escaping from beneath the indusium. 
Each of these cell-like bodies, of which the sorus 
is composed, is known as a spore-case, sporange, or 
theca. They are sometimes stalked, as seen in Fig. 
351. The singular-looking band around them is an 
clastic membrane, which bursts when they are ma- 
ture, and thus the spores contained in the spore-case 
escape (Fig. 351). It is from spores that ferns arise, 
but by a process more like budding than like the 
sprouting of a seed. When a spore commences to 
grow, appearances like those represented in Fig. 352 



^ 





may be observed. The growth begun by a spore, 
as at a, and seen more advanced at J, is shown, 
at Cj expanded into a leaf-like body, called a pro- 
thalltcs, which gives off roots at the under surface. 
Among these roots may be found certain bodies, 
analogous to the stamens and pistils of flowers, and 
called the antheridia and pistiUidia. It is not until 
these bodies have matured and done their work that 
the young fern appears. If there is any thing like 
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flowering in tlie history of ferns, it is the prothallus 
produced from the spore that bears the flowers, and 
from these produces the yomig fern as seen at *, and 
the same, still more developed, at t. It would be 
very absurd to regard the spore as seed-like when it 
produces the flower, instead of being produced by it. 
This matter will be more fully explained in Course 
Second. 



EXERCISE LX. 
Mosses. 

In place of flowers, mosses have antJieindia and 
pistiUidia. These plants may be either monoecious 
or dioecious. Fig. 353 represents a moss having its 
antheridia and pistillidia on different plants. 

At a you notice a moss-plant with sessile leaves and 
unbranched stem, ending in a sort of rosette, which 
is seen in section at J, where you may observe the 
peculiar cylindrical bodies growing among the leaves. 
These are antheridia. One of these bodies, detached 
and much magnified, is seen at e. The stalk-like 
bodies accompanying the antheridia (A) are called 
parajphyses. They are not well understood, but 
are thought to be abortive states of the antheMia. 
At first these little organs contain mucilage, but, 
when mature, their contents, seen escaping at c^ are 
granular, and each of the little ejected cellules sets 
free an active arvtherozoid. {See page 259.) Some- 
times the leaves that surround the antheridia grow 
together into a kind of cap called b, periffoney and in 
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monoecious mosses, the antheridia and pistillidia are 
often found within the same perigone. 

Fig. 853. 



The archegone or pistillidia of mosses also arise 
in clusters of leaves, and are cell-like bodies, having 
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a cap or epigone of the same nature as the perigone 
of antheridia. But the pistillidia bursts its cap, 
leaving part of it as a sheath below, and is carried 
up on a stalk {d)^ at the top of which is seen an urn- 
shaped body of curious structure, called a aporange {e). 

Seta. — The stalk of a sporange {d). 

Vagintjle. — The collar or sheath at the base of 
the seta, resulting from the bursting of the epigone. 

Calyptba. — The cap or hood of a sporange, shown 
at fy and seen in place at e. 

Operculum:. — ^The lid of the sporange {g\ seen 
when the calyptra is removed. 

Peris^tome. — A single or double fringe of teeth 
around the mouth of a sporange. It is sometimes 
altogether absent. These teeth vary very much in 
number, but are always either four or some multiple 
of four. 

Annulus. — An elastic ring sometimes found in 
the mouth of a sporange. 

Spokes. — ^The ripened contents of the sporange. 



EXERCISE LXI. 

Fungi. 

The common mushroom, or toadstool, as children, 
call it, is a well-known example of this group of 
flowerless plants. It is found everywhere growing 
upon decaying organic matter. If, in gathering 
specimens for study, you break them off above the 
sur&ce of the ground, you will leave the plant itself 
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behind, and bring only the fruit. The part concealed 
in the rich mould, or spread on its surface, is a tangled 
mass of filaments that you might mistake for fibrous 
roots ; but it answers to the root, stem, and leaves of 
higher plants. This portion of the plant is called the 
myceUum^ represented by the root-like fibrous portion 
of Fig. 354. 

Fio. 854. 



When you are looking for the mycelium of mush- 
rooms, observe the young fruit just appearing above 
the surface. You may often find it in clusters, in 
all stages of growth, in rich mould, or on decayed 
logs or stumps. 

Fig. 354 represents a full-grown mushroom and 
several younger ones at different periods of devel- 
opment. The younger ones are smooth, globular 
masses, but, as they get larger, the outer wrappage 
breaks, as you see at the right in the figure, and re- 
veals a stem with an umbrella-like cap. The ring 
around the stalk, seen in the full-grown specimen, 
shows where this covering, called the volva^ was at- 
tached. The stout stem is called a stipe^ and its cap 
the pUeus. Along the under surface of the pileus 
you see numerous thin plates, called gilU^ and it is 
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within these plates that the spores are found, many 
thousands occurring on the gills of a single mush- 
room. 

Puff-balls are mushrooms without the stem and 
pileus. The " smoke " which escapes when they are 
broken consists of spores, which are so exceedingly 
small that they may penetrate everywhere. A few 
species of fungi are good to eat, but many are poison- 
ous, and to be avoided. Yeast, mildew, smut, mould, 
and dry rot, all belong to this group of plants. 

Fig. 856. 



The gray, yellow, or greenish, crust-like layers 
that are seen on stones and the bark of trees, on 
old walls, and in rocky places, are a low form of 
vegetation, called lichens. They have little distinc- 
tion of parts, except that of upper and under surface, 
and certain specialized places in which spores are 
formed. AlgoR^ or the sea-weed family, is another 
order of flowerless plants, which contains many fresh- 
water species. The green scum seen on the surface 
of stagnant water is one of the lowest forms of fresh- 
water algae, called conferva. 
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VEGETABLE ANATOMY AND PHYSIOLOGY. 



That branch of the science of botany with which 
you have been thus far occupied is called Organogra- 
phy^ which describes the external parts of plants in 
respect to their forms. You are now to take up the 
study of vegetable amitomy^ or the minute structure 
of plants as revealed by the microscope. These two 
departments of the science constitute structural bot- 
any, in which the plant is regarded without reference 
to its activities. The study of the plant in action, 
or vegetable physiology, will conclude the volume. 

To study the internal parts of plants by direct 
observation you must have a microscope that will 
magnify from forty to eighty diameters. You may 
read descriptions, and see pictures of cells, fibres, and 
vessels, and their relations in the living structure, and 
so get an idea of the subject, which is better than none 
at ail ; but knowledge so gained is very imperfect, from 
its vagueness and want of reality. Besides, when 
statements are taken at second-hand, the learner loses 
the educational effect of search and discovery, and 
has not the interest or enthusiasm which is awakened 
by impressions of the things themselves. 
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EXERCISE LXIT. 

C^is and Ceiluiar Tissue. 

Ordinary plants differ so little in their inner 
structure, that almost any specimen will furnish you 
with examples of cells and tissues ; but these ele- 
ments are more conspicuous in some parts of plants 
than in others. For instance, make a thin cross-sec- 
tion of the pith of elder, or, if you cannot get this, 
of the pith of any young twig. A sharp, thin-bladed 
knife, and some practice, are needed to make the 
slice so thin that it will distinctly show the structure. 
Put the slice upon the slip of glass provided for the 
purpose, and add to it a drop of water. Place over 

Fio. 8M. 



it a thin glass cover, which must first be permitted 
to rest on one edge, and then be slipped down care- 
fully to push out air-bubbles. Under the microscope 
the slice presents an appearance like Fig. 356. 
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In the same way prepare and examine slices of 
melon, potato, cabbage-stalk, apple, orange-pulp, or 
any ripe fruit, or succulent stem, or young, growing 
shoot. 

Take a little of the pulp of boiled rhubarb on the 
end of a needle, and put it upon a slip of glass, add- 
ing a drop of water. Under the microscope you will 
agiiin see just such appearances as were presented by 
the elder. Place thin petals under the microscope, 
and observe their structure. 

These walled spaces, of varying shape, and of 
about the same diameter in all directions, are called 
ceUs^ and the mass of substance they form by their 
union is cellular tissue. 

Cells consist of an outer membrane, or wall, that 
contains various liquid, semi-liquid, and solid matters. 
They vary much in size. The largest cells of the 
pith are ^ of an inch in diameter, though a cell 
5^ of an inch in diameter is a very large one. Those 
of ordinary cellular tissue are about ^^ of an inch 
in diameter. The very smallest vegetable cells are 
from ^inr *^ ao^oo ^^ ^^ ^^^ ^^ diameter. The 
shape of the cells of cellular tissue depends upon the 
pressure around them. When there is no pressure, 
they are round, or egg-shaped ; but, if they crowd 
each other as growth goes on, they become many- 
sided, or polyhedric. 

Cellular tissue is said to be regular when its cells 
are cubical; prismatic^ when they are elongated; 
tabular^ when they are flattened; and muriform^ 
when they look like courses of brick in a wall. All 
cellular tissue, whatever the form of the cells, is 
called parenchyma. 
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When the cells of cellular tissue, or parenchyma, 
are crowded, they may fit exactly against each other, 
and leave no unoccupied spaces (Fig. 357). We have 
then comjplete parenchyma. 

When the walls of cellular tissue are round, so 
that spaces are left between the points of contact 

Fig. 867. Fio. 858. 




(Fig. 358), the tissue is called m(x>mplete parenchyma. 
The spaces between the cells in incomplete paren- 
chyma are called intercellular spaces. Lacunes are 
formed when an intercellular space is produced by 
the destruction of cells from any cause. 



EXERCISE LXIII. 

Structure and Produ^ion of Celts. 

Experiment. — ^Apply a weak tincture of iodine to 
a little of the green tissue of a leaf, or other succu- 
lent vegetable matter. The contents of the cells are 
first colored brown, and presently they shrink away 
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from the cell-wall, forming a mass in the interior, as 
shown at a (Fig. 359). Or you may get the same re- 
sult without discoloring the cell-contents, by placing 
the green tissue or pulp of fruits, or leaves of mosses, 
in dihite nitric or muriatic acid. 

Take, with care, a bit of the skin from a vigorous, 
hairy leaf, as the nettle. Put it upon the glass slide 
with a drop of water, and examine the appearance of 
the hairs under the microscope. Each hair, you see, 
is a leaf-cell grown out into the air. Now drop upon 

Fia. 859. 




it spirit of wine, or something that will kill the cell, 
and, after a time, the cell-contents will separate from 
the cell-wall, as shown in Fig. 359. 

As to the cell-wall, it is at first a moist, soft, thhi, 
uniform membrane, which allows the free passage of 
water through its substance; but usually a second 
membrane appears, lining it on the inside, though it 
does not form a complete and continuous lining. It 
is broken in many places, making the cell-wall thick 



lii^ 
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here and thin there. As the cell grows older its wall 
thus increases in thickness and density, and often by 
these changes opposes the passage of water through 
it. 

Under the most powerftd microscopes, no appear- 
ance of porosity is seen in the primitive cell-wall. 
But the breaks of its lining membrane make it thin 
in some places and thick in others, and these broken 
places appear as markings on the wall. When they 
are minute and frequent, the cell-wall looks dotted, 
and such cells are called dxMed cells (Fig. 360). 



Fxo. 860. 



Fig. 861. 



Fio. 862. 




Wlien the breaks are little slits, or bars (Fig. 361), 
we have what are csiXlQ^fenestfi'dted cells. 

When the internal membrane breaks up to a 
considerable extent, the resulting fragments take on 
various shapes of bands, rings, and spiral markings, 
and so form what are called retieiUakd, annvXar^ and 
spiral cells (Fig. 362). 

In most cells that enter into the permanent sub- 
stance of a plant, the cell-wall continues to thicken 
long after it has ceased to enlarge. Sometimes a 
third and even a fourth layer is developed within the 
cell. These layers are generally moulded exactly 
upon the others, so that the thin- places remain, and 
the thick grow thicker. 
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But the life of the cell is not in its membranous 
wall, which is rather a skeleton, or framework, for 
the support of the vital parts. 

That portion of the cell-contents which lies next 
the cell-wall is a semi-fluid, turbid substance, always 
present in young, growing cells, and such as are re- 
producing other cells, or doing work of any kind. 
The name of this substance is ^protoplcma^ and it is 
found wherever there is life. It is not a membrane, 
but a mucilaginous substance. 
Fig. 863. which moulds itself upon the cell- 

wall, is flexible, ductile, and not 
unlike the condition of glass at 
the instant the glass - blowers 
mould it. In Fig. 363 is seen 
the cell-wall (a), with its lining 
of protoplasm (J). The round 
body (c) in the interior is the nu- 
clem of the cell, within which the 
nucleolus is also shown as a white spot. In young 
cells the protoplasm and nucleus nearly fill the space, 
but the cell-membrane is kept expanded by the sap. 
Protoplasm does not dissolve in water, or even mix 
with it. It has the power of contractility, and, in 
living cells, is constantly in motion. When highly 
magnified, it is found to contain a vast number of 
minute granules, which circulate in streams, having 
particular directions. This beautiful phenomenon of 
circulation in cells is well seen in the jointed hairs 
which cover the stamens of the Virginian spiderwort. 
It seems to result from a property, possessed by 
all protoplasm, of constant motion in some form or 
other. 
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Cell-pboduction. — The growth of plants takes 
place, either by the expansion of existing cells, or 
by the formation of new ones, and principally by 
the latter method. "The contents of the cells of 
the growing part divide into two, and between the 
halved contents there forms a thin layer, which di- 
vides each cell into two distinct cells. The new cells, 
then, increase in size until they become as large as 
their parent-cell, when they each divide again, and the 
process is repeated. The process is modified according 
as the cells are to lengthen or to remain short." 

The rate at which cells are formed may be gath- 
ered fipom such a fact as the growth of a huge puff- 
ball, sometimes nearly a foot across, in a single day. 
In this sudden growth it has been estimated that 
300,000,000 or 400,000,000 cells are produced in an 
hour. Century -plants, growing in conservatories, 
after many years produce a flowering stem six inches 
in diameter. The entire vigor of the plant is devoted 
to the growth of this stalk, which ascends at the rate 
of a foot in twenty-four hours. Estimating the cells 
at "5^ of an inch in diameter, there are formed more 
than 20,000,000,000 a day. 



EXERCISE LXIV. 

Vessels or Duds, and Fibres. 

Experiment. — Take some of the boiled pulp of 
any soft vegetable substance, as rhubarb, that can 
be picked to pieces with needles. Put a bit of this 
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stringy pulp in a little water, and separate from it 
some of its smallest threads. Put these on the glass 
with a drop of water, and arrange the thin cover as 

Fio. 864. 



before. When magnified, you will see among the 
cells long, tube-like bodies, having their walls marked 
with rings and spirals, such as are shown in Fig. 364. 
Examine slices taken both across and 
Fig. 865. lengthwisc from the young, succulent, fast- 
growing shoots of any plant ; from the ribs, 
petiole, or veins of leaves ; from parts of 
the flower, of roots, or of imderground 
stems. By carefully looking at these sec- 
tions, you will again see embedded among 
the cells tubes of varying length, and with 
different aspects. These tubes are called 
ditcta. 

Experiment. — Take a small bit of soft 
wood, half the size of a pea, and boil it in 
a few drops of nitric acid for several sec- 
onds. Einse it carefully with water three 
or four times, to cleanse it from acid, and 
pick it to pieces, as you did the fibre of 
rhubarb. Examine a minute portion of 
this wood under the microscope. You will 
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see long, tapering threads overlapping each other, 
something like Fig. 365, and called fibres, 

VeBsds^ or Ducts^ as Prof. Gray prefers to call 
them, are continuous tubes of considerable length, of 
which the walls are never smooth, but 
marked with dots, bars, rings, spirals, etc. ^^ ^^' 
They are sometimes cylindrical, and some- 
times tapering in form, and contract a lit- 
tle from place to place along their length, 
as seen in Fig. 366, where circles are 
formed by the constriction. The meaning 
of these constrictions may be gathered 
from the following 

Experiment. — Select from vegetable 
pulp some of the stringy portion contain- 
ing vessels, and pour upon it boiling water, sharpened 
by a few drops of nitric acid. The vessels will break 
up into fragments at the places of these circles. At 
these points, also, you will find partitions across the 
vessel, more or less perforated and broken, or mem- 
branous folds, that may come from the breaking of 
these partitions. Hence, it appears that a vessel is 
formed from a row of cells, placed end to end ; the 
partitions, which at first separated these cells, being 
more or less completely removed. 

Yessels, or ducts, like cells, are named frbm the 
markings on their walls. There are dotted, barred, 
spiral, and annular vessels (Figs. 367-370). Fig. 371 
represents scalariform ducts, so named from the lad- 
der-like markings on their walls. 

Fibres, also, are produced from cells; they are 
cells altered in certain ways. All vegetable tissue is 
at first cellular, and it is by the elongation of cells 
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into fibres, as well as by their union and modification 
in various ways, that all the elements of vegetable 
structures are produced. 



¥iQ. 867. 



FiQ. 863. 



Fio. 809. 



Fig. 870. 



YiQ. 871. 



Fibres vary in length, and their walls thicken 
with age by the deposit upon their interior of new 
layers filling up the cavity. As long as any cavi- 
ty remdns it will be round, while, by pressure, the 
external wall becomes fiattened and prismatic (Fig. 
372). In fibrous tissue (Fig. 373) you see the taper- 
ing, overlapping extremities, making the texture 
close and solid. The largest fibres of wood are found 
in trees of the pine family — cone-bearing trees — 
where they are as much as -^ or -^ of an inch in 
diameter. Their size varies in dififercnt families of 
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plants as much as does that of cells. The fibres of 
basswood are about yAif ^^ ^^ ^ch in diameter. 

Fio. 872. Fig. 878. 



But the compactness of fibrous tissue depends more 
upon the thickness of the walls of its fibres than upon 
their fineness. Hence the density of the old heart- 
wood of trees, where the cavities of the fibres are en- 
tirely filled by deposited matter. Woody fibres rarely 
exceed -^ of an inch in length, while the fibres of some 
kinds of wood are only yJtt ^^ ^^ ^^^^ long. 

Tissues formed of elongated cells, particularly of 
such cells as have tapering extremities, are called 
prosenchi/ma. The cells of prosenchyma vary much 
in length and proportions. Woody tissue is made 
up chiefly of prosenchyma, yet some wood consists 
largely of parenchyma, in which the cells have be- 
come solid by the deposits upon their interior. At 
first the elongated cells of wood have their ends 
nearly square, but, as they lengthen and crowd each 
other, they become wedge-shaped. 

The blending of cells, fibres, and vessels, in the 
tissues of a plant, is shown in Fig. 374, which repre- 
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sents a greatly-magnified section of the Indian reed. 
At the left you see cellular tissue, or parenchyma ; 
then annular and spiral vessels, dotted ducts, and 
fibres. 

Fig. 874. 



Again,' Figs. 375 and 376 are di'awn from sections 
of the wood of the plane-tree. In Fig. 376 you see 
the open mouths of the ducts, which are shown ver- 
tically in Fig. 375. 

Experiment. — To observe the coiled threads upon 
tlie walls of vessels, tear gently the young shoots of 
the rose bush or elder, or carefully pull asunder the 
petiole, or one of the veins of a strawberry-leaf, just 
breaking the cuticle, and only stretching the internal 
parts. Or, even, if the parts are quite separated, you 
may see with the naked eye, at the point of fracture. 
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the broken, mutilated coils of spiral vessels. The 
Tincoiling, spiral thread is thus easily seen, but the 
wall of the vessel is difficult to find. 

Fig. 875. Fio. 8T«. 



These membranous threads of spiral vessels con- 
tinue, without interruption, from one end of the ves- 
sel to the other. In most cases they are simple, but 
sometimes they are found double (Fig. 
377), triple, etc. Even twenty juxtaposed 
threads have been seen forming a ribbon, 
and unrolling all together. Spiral threads, 
that at first were simple, sometimes split 
into several very fine threads. The spiral 
thread is neither tubular nor channelled ; 
it may be round, flat, or square. The 
markings of annular vessels, like Fig. 377, 
and vessels that have at the same time 
both annular and spiral threads (Fig. 369), 
reticulated, scalariform, and dotted vessels, 
are produced in the same way as are simi- 
lar markings upon cells, as explained on 
page 199. 

When you break a stalk or leaf of milkweed, let- 
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tuce, dandelion, etc., there exudes a milky sap, called 
latex. There is a peculiar system of vessels containing 
this milky juice, known as laticiferous vessels. They 
form an irregular net-work, as 
^'^- ^'^^' seen in Fig. 378. It is thought 

that these so-called laticiferous 
vessels are not true vessels made 
up of cells placed end to end, 
but only intercellular spaces 
with walls formed by a deposit 
from the fluid that fills them. 
They never have markings up- 
on their walls like the vessels 
we have been studying. When 
young, laticiferous vessels are 
extremely small, averaging less 
than y^V(r ^^ ^^ ^^^^ ^^ diame- 
ter, and can only be seen under 
high magnifying powers. Old vessels, when swollen 
from accumulations of their milky sap, are more ap- 
parent. As you see by Fig. 378, they ^re cylindrical, 
and the branches are as large as the veins, forming a 
sort of net-work. But this kind of vegetable struct- 
ure is not well understood. 



EXERCISE LXV.' 

The Contents of Cells. 

The contents of cells vary with their stage of 
growth. "When very young they usually contain only 
the nucleus and protoplasm, but, as they approach 
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maturity, various substances are found within them, 
of different kinds and amounts in different species of 
plants. 

Look at a section of potato under the micro- 
scope, and observe the minute grains within the cells. 
Compare your specimen with Fig. 379. Fig. 380 
represents some of the cells more highly magnified. 



Fig. 879. 



Fio. 880. 



Experiment. — ^Place upon the freshly-cut surface 
of potato, apple, or almost any fresh vegetable, a 
drop of tincture of iodine. These starch-granules will 
be colored violet, indigo-blue, or 
deep-blackish blue, depending up- 
on the strength of the solution 
used. If there are albuminous 
granules in the cell, they will be 
colored brown or yellow by the 
iodine. By this means the con- 
tents of the cell are made more 
distinct, and the cell-wall is ren- 
dered more obvious. 

Starch-grains are either irregular, spheroidal, or 
egg-shaped bodies (Fig. 380), ha^dng their surfaces 
marked with concentric circles around points. These 
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circles indicate so many layers superposed around a 
little kernel indicated by the central point. 

In looking, with the microscope, at sections of 
leaves, you will see gelatinous flocks of green matter 
swimming in the colorless liquid of the cells, or de- 
posited on the cell-walls and grains of starch. This 
substance, to which vegetation owes its green color, 
is called chlorophyU. The yellow coloring-matter of 
plants is like chlorophyll in every respect, except its 
color, but the red, violet, and blue coloring-matters 
are always liquid. 

The colorless sap of plants, which fills the cells 
and vessels, holds in solution all the materials of cell- 
growth, and of the substances contained in cells. Su- 
gar, dextrine, and gum, dissolved in water, are found 
in the cells, the intercellular spaces, and lacunes, but, 
being held in solution, they cannot be detected by 
the microscope. The intercellular spaces, also, fre- 
quently contain air. The fixed oils found in seeds and 
fruits, and other parts of the plant, form isolated glo- 
bules, that, by pressure, flow together into large glo- 
bules. Essential oils, turpentine, and caoutchouc, are 
usually accumulated in intercellular cavities, or given 
off at the surface when the plant is wounded. 

Yarious mineral matters are also taken up by the 
roots from the soil, dissolved in water, and deposited 
in the structure of the plant. They occur sometimes 
in the crystalline form in cells. Indeed, it is said 
that almost every herbaceous plant contains them in 
more or less abundance. Fig. 381 represents cells of 
rhubarb, from one of which needle-shaped crystals, 
called raphides^ are being ejected. Cells of this kind 
in the stalks of rhubarb, when moistened with water. 
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become distended so as to burst, and force out the con- 
tents, as here shown. Cells with similar contents are 
also found in tlie leaves of four-o'clock, Indian tur- 
nip, and calla. These cell-crystals are sometimes ag- 
glomerated into masses of angular crystals (Fig. 382). 

Fig. 8S1. Fio. 882. 




That these crystal are formed in the cells is proved 
by the fact that the shape of the cell determines the 
form of the crystal. SUex^ the substance known every- 
where as sand, exists, dissolved, in the sap of plants, 
and is deposited in the stalk of grains in such quanti- 
ties as to give them the requisite stiffness. 
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CHAPTEK XYI. 
THE STBTTCTXTSE OF STEHS. 

Now that you have seen the various kinds of cells, 
fibres, and ducts, and the tissues they form, the next 
step is to discover how they are put together in the 
construction of roots, stems, leaves, flowers, fruit, and 
seeds. To do this we begin with the embryo, and 
trace its development from germination to maturity. 

As the growing radicle, the chief part of the 
embryo, from which roots, stem, and leaves proceed, 
is itself stem, we will study the stem first. 



EXERCISE LXVI. 

Structure of Dicotyledonous Stems.— First Tear's 
Chrowth. 

The monocotyledonous embryo starts with a sin- 
gle lobe, turned a little to one side of the plumule, 
while the dicotyledonous embryo develops two oppo- 
site lobes, spreading away laterally from the plumule. 
This is but the beginning of a series of differences in 
structure, which these two classes of plants will pre- 
sent as growth proceeds ; hence, they must be studied 
separately. We begin with dicotyledons. 

You are familiar with the succession of external ap- 
pearances presented by the growing plantlet. In Fig. 
383 (Gray) you see the part which was the embryo 
ending above, in the plumule, and below, in the root. 
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The plant is again shown in Fig. 384 (Gray), after 
the production of two intemodes and two pairs of 
leaves. The stem still ends with a bud, and the root 



Fio. 888. 



Fig. 884. 





has undergone farther development. Now, what in- 
teimal changes have accompanied these external ones ? 
Cells have elongated into fibres, or united into 
ducts, and, if we examine a thin section of a young 
stem, we may observe the way in which these ele- 
ments are arranged. Whether we take our section 
from a sprouting maple, which would represent the 
woody plants of temperate regions, or from a sprout- 
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ing melon, as an example of herbaceous ones, the 
appearances at first presented would be nearly the- 
same. Fig. 385 represents a section of the stem of a 
melon. You see it is a mass of cellular tissue, with 
several wedge -shaped bodies, 
Fig. 883. forming a circle midway be- 

tween the centre and the cir- 
cumference. Make such a sec- 
tion of a young dicotyledonous 
stem, and observe it with your 
microscope. Look for the cen- 
tral cellular portion called the 
jpithj marked M in the figure. 
Observe that the outer portion 
is cellular, and that central and outer cells are con- 
nected by cellular strips (RM), which separate patches 
of denser matter. If you make a vertical section 
through some of these denser patches, you will find 
them largely composed of fibres and ducts. 

Passing from the centre outward, the parts you 
have noticed are the following : 

PriH, or Medulla. — The central cellular portion 
(M, Fig. 385). 

Medullary Rays. — The radiating cellular bands 
that connect the pith with the circumference (RM). 

Woody, or Fibro- Vascular Bundles. — The wedge- 
shaped bundles of fibres and ducts. 

Cortical Layer. — The green cellular envelop of 
the other parts. 

Carefully peel off some of the skin from the same 
stem, and examine it under the magnifying-glass. 
You see it consists of flattened, irregular cells, closely 
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united into a firm membrane. This is the epidermis^ 
and, excepting the stigma, it covers all the parts of a 
plant exposed to the air. By suitable means the epi- 
dermis may be separated into two parts, the outer 
of which is not cellular, and exists sometimes in the 
lower plants when the cellular portion is wanting. 
A great French chemist, named Fremy, has shown 
that it is like caoutchouc, and is named the cuticle. 



EXERCISE LXVn. 

Structure of a Woody Bundle. 

As the woody bundles of dicotyledons are essen- 
tially alike, and as they make up the main substance 
of the stem, we shall get the best idea of stem-struct- 
ure by observing their composition. Fig. 386 repre- 

FiG. 886. 



sents a highly-magnified section of one of these bun- 
dles, with its surrounding cellular tissue. Observe 
the region marked C. It is made up of greenish 
cells of extreme delicacy, and it is from these cells 
that all the other parts are produced. New cells are 
constantly forming here, and old ones are changing 

10 
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into fibres and vessels of various kinds. This is the 
cambiv/m, layer. Outside of this layer, and by a 
transformation of its outer cells, the bark is formed ; 
within the circle made by the cambium and by trans- 
formations of its inner cells wood is produced. 

The narrow end of this woody bundle, which lies 
next the pith, and is marked T in Fig. 386, con- 
sists of spiral ducts and thick-walled fibres ; between 
these and the cambium layer is the true woody re- 
gion, comprising about half the bundle. It is made 
up of woody fibre, with annular, barred, and dotted 
ducts interspersed. The line RM points to the 
medullary ray, F to the woody fibres and small 
annular fibres, VP to large ducts of various kinds. 
Beyond the cambium we come upon L, the inner 
bark, or liber, ^nd then follows the outer bark. 

The lower half of Fig. 387 represents a vertical 

Fio. 887. 



section of the woody bundle shown in the upper half 
of the picture. Observe in the horizontal section the 
cambium layer, marked c; the true wood is seen 
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passing from A at the right ; and the bark, with its 
different layers, at the left. Trace these different 
portions in the vertical section. 



EXERCISE LXVm. 
OThe First Tear's €?r<m;«*.— {Continued.) 

The number and compactness of the woody bun- 
dles in a young stem will depend upon the time of 
the observation ; if it is made early in the season, 
there will be few (Fig. 388), and their number will 
increase with the growth and multiplication of the 

Fig. 88a Fio. 889. Fio. 890. 




leaves. This increase is shown in Fig. 389, where 
six new bundles are seen inserted between the first 
six shown in Fig. 388 ; while in Fig. 390, which rep- 
resents a woody stem at the close of the year, they 
are shown filling all the space, except the narrow 
strips of the medullary rays. 

Bearing in mind the composition of a woody 
bundle, as shown in the last exercise, look again at 
the section of a dicotyledonous stem during the first 
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year's growth (Fig. 391). Passing outward from the 
medulla, or pith, marked M, we come first upon the 
spiral ducts of the woody bundles, marked T. They 
form a sort of sheath around the 
^^- ^^' pith, only broken by the medul- 

lary rays (RM), and, as they en- 
close it, they are called the me- 
dullary sheath. This portion 
of the woody bundle is contin- 
uous with the petiole and frame- 
work of leaves. 

Experiment. — Divide the 

bark and most of the wood of 

a young shoot by a circular cut, and gently pull it 

asimdcr; you may detect this sheath by the stretched 

and broken spiral threads of its fibres. 

Outside of the medullary sheath, observe the lig- 
neous fibres, or zone, of true wood. Encircling this 
is the cambium layer. Up to this point, excepting 
its somewhat less density, the herbaceous and the 
woody steins are alike. ItMs in the portion external 
to the cambium that we come upon differences. The 
cambium and bark, it will be seen, are important in 
plants that are to live over to another year, while 
they are of little account to the herb, which dies in 
autumn. In herbaceous stems, as the melon, there- 
fore, the bark consists of simple parenchyma, like 
that of pith, except that it is of a green color ; but 
in woody stems, as the maple, it takes on a much 
higher development, and presents important differ- 
ences of structure. All the while that wood is 
forming, bark is also being made. That portion of 
it next the cambium is wrought into woody tissue, 
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consisting of peculiar cells, called host-cells^ of re- 
markable length and flexibility, and having very 
thick walls (Fig. 392). They usually form layers 
like the leaves of a book, and hence this portion of 
the bark is called the liber. The length and tough- 
ness of its fibres have led to its use in 
thread, cord, and cloth. The bundles fig. 8»8. 
of bast-cells are always vertical, and are 
separated by medullary rays, which 
correspond to those of the woody sys- 
tem inside the cambium. ^ 

Fig. 892. 




Fibres of the liber, or bast-cells, and 
woody fibres from the linden, or bass- 
wood, are shown in Fig. 393 (Gray), a 
is a bast-cell, from the bark of Ameri- 
can basswood, while J is woody tissue, 
from the same tree, showing the upper 
end of a spirally-marked vessel ; c is a separate cell 
of the wood. They are all equally magnified. 

Besides the immensely greater length of the bast 
cells, they have also very much thicker walls than the 
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fibrous cells of wood. In leather-wood the bast- 
cells are even longer than those of basswood, being 
from ^ to 1^ of an inch long, and ^tjVit ^^ ^^ ^^^ ^^ 
diameter, while those of the wood are not more 
than y^ of an inch long. Few fibres, however, 
are as long as those of leather-wood. There are 
very few plants in which they exceed ^^ of an inch 
in length. 

Exp!eriment. — Strip the bark from various woody 
twigs, and find the liber. Observe the differences it 
presents in different kinds of wood. Outside the 
liber no woody tissue is found, but in very young 
woody stems this external layer consists of loose, 
green, cellular tissue. As growth proceeds, this is 
soon covered with a brown layer of varying hue and 
thickness, called the cm'Tcy envelop. The cellular 
layer, thus covered in, is known as the green or 
cellular layer. The corky envelop and green layer, 
taken together, are called mjiber. 

Experiment. — Gather the bark of as many differ- 
ent kinds of trees as you can. Separate the suber 
from the liber. Find the green layer and the corky 
layer, and note the differences presented by your 
collection. Tou will thus associate in your mind 
the character of the bark with what you know of 
the other parts and characters of each kind ex- 
amined. Passing from the centre out, we have — 
Pith ; Medullary sheath ; Layer of wood ; Medullary 
rays ; Cambium ; Liber ; Suber, composed of the green 
layer and corky envelop. 

What parts of the stem are cellular ? What parts 
are fibrous and vascular? Do you know which 
threads are warp and which are woof, in cloth ? If 
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yon liken the stem to a woven fabric, which part of it 
would yon say made up the warp, and which part 
the woof? 



EXERCISE LXIX. 

Second Tear's Orawth of JDicetyledonous Stems. 

In annual plants, like the melon, the cambium, of 
course, perishes when the plant dies ; but in woody 
plants this is the region of growth for all after-years. 
You have seen that, in the primitive bundle (Fig. 
386), there are two partial bundles, one of tissues 
belonging to the woody system, and the other of 
tissues belonging to the bark. The bark and wood 
are connected by a delicate tissue of actively -mul- 
tiplying cells, which may be easily seen with the mi- 
croscope. As these cells are more gorged in spring, 
the bark and wood are then more easily separable. 
. Now, on the second year this cellular zone forms 
in its interior, or next the wood, a new layer of wood, 
precisely as in the former year, by the elongation of 
some of its cells into fibres, and the conversion of 
others into vessels, or ducts, while still others form 
the parenchyma of the medullary rays. On the side 
of the cambium next the bark there is similarly 
formed from its cells a second layer of bark, precisely 
like that of the first year. The new layer of bark 
and the new layer of wood are, as before, transformed 
cambium, but they are always separated by the true 
cambium layer of vitally-active cells. 
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The changes produced by age upon the woody 
system of the stem, besides its annual addition of a 
woody layer, constituted as above described, are, 
first, loss of color of the cells of the pith, which at 
last dry up, and lose all vitality ; the thickening of 
the wood-fibres by internal deposit, while, at the 
same time, they take on a dark color, and become 
duramen^ or heart-wood. 

Can you see any reason why the yearly layers of 
wood should form rings so distinct that they can be 
counted, and the age of the tree determined? It is 
because the wood fonned in the first part of the year, 
which is, of course, placed next the old ring, is more 
porous, and often has a larger number of ducts with 
large moutks than the wood formed later in the sea- 
son. This is shown in Fig. 394, where the annual 

Fig. 894. 



layers are marked off and numbered, and you see 
that the inner portion of the layer is more porSus 
than the outer. 

Now, the new layer of wood is moulded exactly 
upon the last year's layer, so that the bundles are 
separated, as before, by the medullary rays, which 
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are, of course, continuous with those of the former 
year, and so extend from the pith to the bark. The 
woody bundles of the second year are more nimier- 
ous than those of the first year. U each newly-added 
portion of the old woody bundle was undivided, there 
would be the same number of medullary rays through- 
out the growth of the stem. But, besides the medul- 
lary rays that separate the primitive bundles, and ex- 
tend from the pith to the bark, there arise divisions 
of each new bundle into two oi- three parts by series 
of cells, which are called smaU medullary raya (Fig. 
395). 

Fig. 395. 



In this figure, representing four years' growth, - 
you can trace the rays of each successive year. There 
is only one of the first year's growth, and, by the de- 
velopment of this portion of the stem, on the fourth 
year you see fifteen. So that each year, with the for- 
mation of the new woody layer, new medullary rays 
are also started, which are prolonged on the following 
years in the same way as the great rays proceeding 
from the centre of the stem. 
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In our picture of the woody bundle (Fig. 386) of 
the first year, the portion next the pith is shown, 
consisting of spiral ducts; and you saw (Fig. 385) 
that the spiral ducts of all the woody bundles form a 
sheath around the pith. But this sheath is not re- 
produced in after-years. There are no spiral ducts 
in the wood of the second year. They are never 
found in woody stems, except around the pith. 

The stem, then, is made up of two distinct parts, 
the wood and the bark. Fig. 396 represents a por- 

Fio. 896. 

3 1 i 



tion of a woody stem three years old. At M, you 
see the pith ; T is the medullary sheath, and V, F, 
the woody layer of the first year, followed by V, F, 
V, F, the layers of the second and third years. After 
the cambium (C) is the green layer of the bark (M C), 
and the three successive yearly rings of bark, marked 
ij, X , -L, IT, Li, r. 

The green layer does not increase at all after the 
first year, as the corky layer shuts out the light on 
which its growth depends, and finally it perishes en- 
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tirely. The corky layer continues to grow for a few 
years, but it diflfers in different species. Its cells 
are powdery in the birch, and so cause the peeling 
of the more compact layers. The liber continues to 
grow throughout the life of the tree. 

Fig. 397 represents a vertical and horizontal sec- 
tion of a woody stem three years old, in which you 
can trace the parts we have described. 

Fia. 897. 



What must be the effect upon the bark of this 
yearly formation of two new layers within it ? 

Examine the bark of such trees as you can get at, 
and point out the results which you think follow from 
this internal deposit of matter. 

In oak and chestnut wood the ducts of the inner 
portion of each annual layer are large and numerous, 
while the outer portion of the layer is dense and solid. 
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In maple and beech the ducts are unifonnly dis- 
tributed, while in pines there are no duets at all. 
But the inner and outer portions of each layer 
are still so different in compactness, that the line 
which separates the new, large, vigorous cells of the 
spring growth from the close, fine cells, formed the 
last of the previous season, can usually be distinctly 
seen. 

But, if the wood of pines has no ducts, it still 
presents a peculiar structure. It is composed wholly 
of dotted fibres, and the dots are produced by little 
hollows in the sides of the fibres, like the cavity of a 
watch glass, these hollows being go placed 
Fig. 89T.* that, whcu fibres come together, one concavity 
answers to another (Fig. 397*), making a lens- 
shaped space, like two watch crystals, so placed 
that the concavities face each other. These 
little disk-like marks are the result of an 
unequal deposit of the lining material of the 
fibre, leaving thin places where the wall of 
the fibres curves inward. This thinness, as 
the fibre gradually fills up with deposits, pro- 
duces in the centre of each cup a short canal, 
opening into its interior. The cavity is usu- 
ally filled with turpentine, which sometimes 
finds its way through this canal into the fibre, 
destroying it little by little, and often producing con- 
siderable deposits of resin in the wood of green trees. 
In all the pine family these marks are on the lateral 
portions of the fibres, and never on the part toward 
the centre or the outside of the tree. 



/) 



Digitized by VjOOQ IC 



THE 8TEUCTUBB OP STEMS. 



227 



EXERCISE LXX. 



Fig. 898. 



Sialk of Monocotyledons. 

The embryo of the monocotyledon is entirely cel- 
lular before gemaination. Growth commences by 
the elongation of these cells, and the gradual forma- 
tion of fibro-vascular bundles. At first the bundles 
are few, and disposed much as in young dicotyle- 
dons, but, in proportion as the 
leaves develop, these bundles 
multiply, and are distributed, 
without apparent order, all 
through the cellular tissue; 
they are, however, much more 
numerous and solid as they 
approach the circumference of 
the stalk. Make an horizontal 
section of the stem of a corn- 
stalk, and compare it with Fig. 

398, where the dots (F) represent woody bundles, and 
the spaces (M) represent cellular tissue. 




Fig. 899. 



If you examine one of these bundles under the 
microscope, you will find it presenting an aspect like 
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Fig. 399. That portion of the bundle which looks 
toward the centre of the stem answers to wood, and 
the outer portion answers to the inner bark, while 
the cellular tissue, through which the bundles are 
interspersed, answers to the medullary rays and pith 
of the stems of dicotyledons. In Fig. 399 L is a 
region of fibres, with thick walls and spiral ducts 
(T). Then, in the midst of cells and fibres (P), we 
have barred and dotted ducts (V) ; beyond, at L, 
are thick fibres, like the liber, and, still outside of 
these, the laticiferous ducts (VL). 

The vertical section of a stem formed from these 
bundles presents an appearance like Fig. 400. These 
woody bundles, scattered irregu- 
TiQ, 400. larly through the cellular tissue, 

remain single and isolated. There 
is no such thing as a separation 
of the stem into a woody system, 
and a region of bark, with cam- 
bium interposed, as in dicotyle- 
dons. There are diiferences, 
however, between the central 
and exterior parts of the stem, 
somewhat analogous to these, 
which we will endeavor to ex- 
plain. 

Figs. 401 and 402 will assist 
in undei'standing these differences. The dark lines 
represent woody bundles. Each bundle, traced from 
above downward, starts from a point on the stalk, 
where a leaf is inserted, descends obliquely toward 
the centre of the stem (mark this), then, curving out- 
ward, descends obliquely again toward the circumfer- 
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ence. You see it crossing successively all the bun- 
dles situated below it, and older than itself, and 
taking its place above them. 

Now, the differences between the interior and 
exterior of the stem result chiefly Ifrom the changes 
in composition that each bundle imder^ 
goes in its course from its origin at the ^«- ^^• 

leaf insertion to its ending in the cir- 

FiG. 401. 



cumference far below. In the region 
of the bundle which descends toward 
the centre, its woody portion is greatly 
in excess over the cortical part, while 
below this region, in the part of the 
bundle which descends toward the periphery, the 
cortical part of the bundle greatly predominates, and 
finally forms almost the whole of it. On approach- 
ing the outside, the bundle grows thin, and divides 
into several filaments, resembling fibrous roots. These 
filaments interlace with those of neighboring bundles, 
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and form a zone of a sort of netted liber inside the 
cellular layer, which serves as bark. 

It is thus apparent that the central part of the 
stem will always be made up of the part of the 
woody thread in which the wood predominates. This 
part of the thread is porous, and contains great ves- 
sels, so that the centre of the stem is rather cellu- 
lar and vascular than fibrous. In the same way the 
peripheral part of the stem always contains, or is 
made up chiefly of, the part of the thread in which 
the cortical portion, the bast-cells, or liber, predomi- 
nate ; it is, therefore, more solid. Outside of this is 
the region where the spongy bundles split and inter- 
lace, losing themselves in the bark ; so that an hori- 
zontal section of a monocotyledon ous stem is made 
up of a central porous portion, a peripheral colored 
and dense portion, and a zone of a sort of liber ex- 
terior to this. In dicotyledons, on the contrary, the 
old, solid wood is in the centre, or heart, of the stem, 
and the new, soft wood surrounds it. A monocoty- 
ledon ous stem presents nearly the same size along 
its whole length. This is because the woody bundles 
lessen gradually toward their inferior portion, and are 
not all collected at the base of the tree, as in dicoty- 
ledons. 

In monocotyledons, the new wood is formed in 
the central part of the stem ; they are hence called 
endogens^ or inside growers, while dicotyledons, which 
form their new wood in circles outside the old, are 
called exogenSj or outside growers. 

This is, perhaps, as good a place as any to tell you 
that all plants that bear their seeds in closed seed-ves- 
sels may be divided into two great classes, based upon 
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characters of seed, stem, and leaves. Their seeds are 
either monocotytedonous or dicotyledonous. The mo- 
nocotyledons have stems in which the parts are ar- 
ranged as we have just shown ; they have the endogen- 
ous structure, and are hence called endogena. Their 
leaves are also parallel- veined. The dicotyledons, on 
the contrary, have stems with the exogenous struct- 
ure, and are hence called exogena. They have also net- 
veined leaves. Now, these characters are almost al- 
ways combined as here stated. There are dicotyledons 
with paraUel-veined leaves, though they are very rare ; 
but the structure of the stem is characteristic. When 
you find a plant with a stem having woody bundles 
surrounding the pith, it belongs to the class of exo- 
gens ; but, when the woody bundles are seen scattered, 
without order, through the parenchyma, the plant be- 
longs to the class of exogens. The coniferse, you 
remember, are polycotyledonous and naked-seeded, 
but they form their new wood outside the old, and 
therefore belong to the exogenous class. 

Among the flowerless plants, minute structure 
also famishes characters used in classification. The 
stems of ferns have a mode of growth peculiar to 
themselves, which has given them the name of dcrch 
gena^ or end-growers, because the new parts are always 
formed above the old. Mosses, algse, and fangi, are 
called cellular plants, being made up of nothing but 
cells. It is not till we come to ferns in the ascending 
scale of vegetation, that any thing like true vessels 
and fibres appear. 

The scheme on the following page will show you 
how these plant-characters are used in separating the 
, vegetable kingdom into classes : 
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CHAPTEE XVII. 
THE ROOT. 



EXEBCISE LXXI. 
True Roots and Adventitious Moots* 

When the young plant contained in the seed be- 
gins to grow, the plumule rises toward the light, 
while the opposite portion 
grows downward, and be- fig. 408. 

comes root. Observe in 
Figs. 383 and 384 that the 
root, as it increases in 
length, sends off branches 
on all sides. Roots formed 
thus, by the extension and 
branching of the root-end 
of the embryo, are called 
true roots. 

But, in the sprouting of 
such seeds as the oat or 
Indian-corn (Fig. 403, from 
Prof. Gray), the radicle 
never lengthens; it be- * 
comes abortive, and the 
roots spring from the side 
of the stem. All roots 
that arise ,from the sides 
of stems, either in germi- 
nation, or at any period in 
the growth of a plant, are 
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called adveniUimis roots. The roots of all mono- 
cotyledons are adventitious. Many dicotyledonous 
plants produce adventitious roots in the course of 
growth. 

Experiments. — ^Place the branch of a willow with 
its cut end in the moist ground. It will send out 
roots, and become an independent plant. 

Detach a slip of geranium from its parent plant 
and bury its broken end in moist sand. It will take 
root, and form a perfect plant. 

Observe the roots of Indian-corn, that always 
arise just above the ground, at the joints, and, grow- 
ing downward, enter the soil. 

Some plants, as the strawberry, that begin life 
with true roots^ continue it by means of adventitious 
roots. 

Bend over the young branch of a rose-bush, and 
bury a portion of it in the soil (layering). It will 
attach itself by means of adventitious roots, and then 
you may cut its connection with the parent -bush 
without harm. 

Adventitious roots are often found on the stem 
of climbing plants, giving support to them by ad- 
hering to adjacent objects. 

Only true roots become tap-roots. Wlien the 
branches of true roots remain small, the central por- 
tion can thicken ; but, if they are many and vigor- 
ous, the central portion is lost, and the root becomes 
fibrous. All the various forms of roots depend upon 
the amount of the branching and the enlargement of 
its different portions by deposits of food. 
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EXERCISE LXXir. 
The Minute Structure of Roots. 

In the germination of dicotyledons the cells of 
the root-end of the radicle multiply, and the central 
ones are changed into vessels continuous with those 
of the stem. The developed root differs from the 
stem in having neither pith nor medullary rays. 
Like the stem, its thickness increases hy the annual 
formation of a layer of wood and a layer of hark. 
Spiral ducts are never found in roots; such fibres 
and ducts as enter into its composition are like those 
found in the stem. Its cells are filled with sap and 
with starch. In monocotyledons the multitude of 
fibrous roots, which issue from the side of the radi- 
cle in germination, are exactly like the stem in their 
minute structure. 

Roots grow in length by additions of matter at 
the tip, or free end, while the stem grows throughout 
its whole length. You may test 
this statement by marking off into fio. 404. 

four equal divisions, with ink, the 
parts of the root of a sprouting pea. 
After leaving it in the soil for three 
or four days, observe whether the 
parts have all lengthened to the 
same extent. It has been calculated 
that the growth is confined to a 
space of about one-sixth of an inch 
from its tip. 

Fig. 404 represents the struct- 
ure of the growing extremity of roots and rootlets. 
The darkened cells (b) are the region of vital activity ; 
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the dead cells {a) at the extreme end form a sort of 
root-cap, which protects the living point from injury 
as it pushes its way through the earth. These dead 
cells are gradually sloughed oif, and replaced by the 
addition of worn-out cells from within. As these 
root-tips absorb moisture from the soil, they have 
been called spongioles^ though incorrectly. 

The surface of the growing parts of roots is often 
densely covered with minute hairs. Fig. 405 repre- 
sents a portion of barley -root 
highly magnified, and you see ^'^' 

the hairs are tubular elongations 
of the outer root-cells. They are 
more abundant in poor than in 

Fig. 406. 



good soils. They wither with 
age, and are replaced by new ones 
nearer the extremity of the young- 
est branches and fibres. Pull up 
a young radish, and observe its surface. Compare it 
with A (Fig. 406). Einse away the dirt, and com- 
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pare it now with B (Fig. 406). Observe the absence 
of hairs at the tip. 

The first formation of roots in plants is quite in- 
dependent of the medium in which they exist. But, 
when the roots begin to act, their growth depends 
very much upon the medium that surrounds them. 
K there is food, they grow ; and, the more abundant 
the food, the more they multiply. Those rootlets 
that come in contact with food, flourish and branch 
in all directions; while those that find none, cease 
to grow, or perish. Soots that grow in rich soil are 
short and very branching ; while in poor soil they are 
long, slender, and have few rootlets. 

Most plants with roots adapted to the soil will die 
if they be left in air or in water ; while water-plants 
die if their roots are placed in the earth. Yet there 
are some plants which flourish equally well, whether 
their roots are in the soil, in swamps and marshes, or 
in water. For instance, rice will grow in pine-bar- 
rens, in the tide swamps of the coast, or when its 
roots are under water throughout its life. 

If, however, the seeds of many ordinary plants, 
when sprouted, have their roots placed in water, care 
being taken to keep the seed and stem in air, and 
nourishment be supplied to them, they will produce 
foliage, flowers, and seeds, the same as if grown in 
the soil ; but, when thus started in water, they will 
not bear transplanting into soil of the usual dryness. 
K so transplanted, they may be kept alive by profuse 
watering until the formation of new roots adapted to 
the soil. Equal difficulty is met when plants, started 
in the soil, have their roots placed in water. 
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EXERCISE LXXIII. 
Duration of Boots. 

Eoots are divided into classes, according to their 
duration. 

Annual Roots are those which spring from the 
seed, and die the same year or season. They are 
always fhrous^ arising from numerous divisions of 
the main or tap root, or, as in all annual grasses, the 
root is made up entirely of such fibres proceeding at 
once from the base of the stem. 

Biennial Hoots are those which live through two 
seasons, dying at the close of the second. Ton may 
trace their history in every garden. Plant parsnip- 
seeds, for instance, which send down their true roots, 
and form an abundant crown of showy leaves. In the 
autumn the leaves die, and the tap-roots, filled with 
nutritious matters, so valuable to man, survive the 
winter, and in the following spring begin to grow 
again. But the course of growth is reversed from 
that of the previous season. Before, it was busy 
storing up nourishment, which is now spent in form- 
ing stem, leaves, flowers, and seeds, with the ripen- 
ing of which the whole plant dies. 

Perennial Roots. — These are found in plants 
which last year after year. In trees and shrubs the 
same roots live and grow indefinitely ; but in herbs 
that continue from year to year, the active roots of 
each season die at its close, leaving a stock of newly- 
foi-med roots to perform the work of the succeed- 
ing seasons. The peony and the horseradish are 
examples. 
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THE LEAF. 



EXERCISE LXXIV. 

The Minute Structure of Lea/ves. 

Stems bear nothing but leaves of some kind or 
other, for branches are only secondary stems. As 
leaves are developed upon the stem, we should expect 
to find them composed of the same elements as the 
stem. By means of the microscope you may easily 
determine whether this is so. First examine the 
structure of the framework of a leaf. Observe a 
thin horizontal or oblique section, taken from the 
petiole, midrib, or veins. You will find it composed 
of fibrous and vascular tissue. Examine a similar 
slice of the pulp. It consists of cells filled with 
chlorophyll. The framework is fibro-vascular, while 
the meshes of the framework are filled with paren- 
chyma. If you should trace the elements of veins 
and ribs back into the stem, you would find the upper 
part of this framework connected with the medullary 
sheath, and you would note that this upper portion, 
like the medullary sheath, is largely composed of 
spiral ducts. The lower portions of the framework 
that appear on the under side of the leaf, you would 
find to arise from the bark, and to be continuations 
of the liber. The ribs of most dicotyledons contain 
much liber, which makes them project on the lower 

surface. 

11 
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Are there also differences in the parenchyma of 
the upper and under sides of leaves ? Make a Vferti- 
cal section of the blade of any fresh, ordinary leaf, 
and observe the structure. Compare it with Fig. 
407. Are not the cells much more closely packed 
on the upper than on the under 
^®- ^^' side i In the figure you see the 

upper side, composed of three 
rows of closely - packed cells, 
placed end to end, while in the 
lower half the cells are placed ir- 
regularly, and the tissue is fiill of 
intercellular spaces. You see in 
this portion of the section the cut- 
ends of vessels and fibres, where 
a vein has been severed. This 
is but one out of many different 
modes of arrangement ; but, in 
all such leaves as tui'u one side 
toward the sky and the other toward the ground, 
there will be found more or less difference in the 
structure of the upper and under portions. 

Eemove a bit of the epidermis, or skin, of a leaf, put 
it upon the glass, with a drop of water, and examine 
it with the microscope. Is there any chlorophyll in 
its cells? How are the cells arranged? Is there 
more than one layer ? Does your specimen exhibit 
any such appearances as are seen among the cells in 
Fig. 408? Examine a fresh bit of skin from the 
under surface of a leaf, and you will surely find 
them. They are much larger and more numerous in 
some leaves than in others. Between and under- 
neath these two oblong cells there is an opening 



Digitized by VjOOQ IC 



THE LEAF. 241 

througli the epidermis into the intercellular spaces of 
the parenchyma. These thin- walled cells which guard 
the opening separate when swollen with moisture, 
and close together, so as to cover it, when dry. They 

Fio. 408. 



are called stomata^ or breathing-pores. In some plants, 
as the under surface of the leaves of the white lily, 
there are about sixty thousand of these stomata to 
the square inch ; while in the epidermis of the upper 
surface there are only about three thousand to the 
square inch. They vary in different plants from less 
than a thousand to one hundred and seventy thousand 
to the square inch of surface. Examine the epider- 
mis from any part of a plant, from the stem^ or from 
sepals, petals, etc. You will often find it furnished 
with stomata, but you will look in vain for them in 
the leaves of water-plants. 

The lower side of the leaf has generally more 
hairs than the upper side. These hairs are continua- 
tions of epidermal cells, and vary much in structure. 

Fig. 409 represents a magnified portion of the 
epidermis of a cabbage-leaf. The oblong slits are 
stomata, while the pointed, protruding bodies are 
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hairs in different stages of development. One of 
these hairs, with some of the cells of the epidermis, 
is shown in Fig. 410. Hairs composed of a single 



Fio. 409. 



Fio. 410. 





cell are sometimes branched, as shown in Fig. 411, 
which represents a hair of alyssum ; J is a transverse 
section, which better shows the star-like form of the 
branching. In Fig. 412 {a) the hair has the appear- 
ance of cells strung together like beads. 



Fio. 411. 



Fio. 412. 



YiQ. 418. 






Glands are organs that possess the property of 
secreting ; that is to say, of separating some particu- 
lar liquid from the juices with which they are in con- 



Digitized by VjOOQ IC 



THE LEAF. 243 

tact. They are cellular, and found in the substance 
of the epidermis, at the base of hairs, as in stings, or 
carried on the summit of hairs, as in Fig. 413. 

Such hairs give to plants an appearance as if 
covered with little pellucid dew-drops. Look at the 
hairs of all sorts of plants through the microscope. 
You will find that glandular hairs are by no means 
uncommon. 

Fig. 412 (J) represents a sting. It consists of a sin- 
gle cell, fijced upon a gland, filled with irritating juices. 
When the hair is disturbed, the liquid of the gland 
passes through it, and is injected into the disturbing 
object. Glands are sometimes buried in the bark, 
but they are always near the epidermis. Cavities 
containing gums, resins, etc., are analogous to glands, 
but buried more deeply in the substance of the plant. 

Bracts, sepals, and petals, are constructed in the 
same way as foliage-leaves. Their framework is fibro- 
vascular, and filled in with parenchyma, which con- 
tains various coloring-matters instead of chlorophyll ; 
and over all there is spread a delicate epidermis, more 
or less studded with stomata. The sepals of mono- 
cotyledons are parallel-veined, and those of dicotyle- 
dons are net-veined. When petals have long claws, 
the fibro-vascular bundles traverse them, and sepa- 
rate, to form the framework of the limb, which is 
composed of spiral vessels and elongated cells. 

If you examine the structure of the filament, you 
will find it composed of a central bundle of spiral 
vessels and delicate woody tissue, which terminate in 
the connective. They are surrounded by a layer of 
cells, covered by -the epidermis. The anthers are en- 
tirely cellular, the pollen cavities being lined with a 
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layer of annular, spiral, or reticulated cells, which di- 
minishes in thickness as it approaches the line of de- 
hiscence. 

In the structure of a carpel, you find the ovary 
covered with a double layer of epidermis, enclosing 
cellular tissue and fibro-vascular bundles that rise 
from the ovary into the style, not as in the filament 
at its centre, but at the circumference. The centre 
of the style is a sort of canal, with cells projecting 
inward, and its middle filled with moist, cellular fila- 
ments, called conductive tissue. This tissue also forms 
the summit of the style, is destitute of any epidermis, 
and is familiarly known to you as the stigma. 

The fibres of the pistil end in the placenta, which 
gives oiF spiral vessels to the funiculus. These ves- 
sels terminate in the chalaza of the ovules. Make 
sections of these parts, and observe the structure for 
yourselves. 

Watch the development of young leaves. Ob- 
serve at what stage of growth the framework be- 
comes visible ; whether the base or apex is formed 
first ; when the stipules appear ; when lobes, and the 
leaflets of compound leaves. How does a leaf look 
when first visible in the bud ? Has it any thing like 
a leaf-form? Can you find vessels or fibres in its 
structure while yet in the bud ? 

Watch the development of the various organs of 
the flower as the bud is growing. Observe which of 
its organs appear first. Note whether the base or 
apex of the petals is formed first. Where the parts 
of the calyx and of the corolla are grown together, 
observe whether the tube or the limb is first formed. 
Li regard to stamens, see whether the filament and 
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anther appear together or in snccession, and, if in 
succession, in what order. 

Observe the formations of ovules. A long time 
before the opening of the flower, you may see a small, 
round swelling on the placenta, which is the nucleus 
of an ovule. Soon, around this pimple, there appears 
a circular rim, which rises toward the summit of the 
nucleus; and then a second rim appears, growing 
around the first, and ending by overtaking and sur- 
passing it. These two sacs are not entirely closed, 
but they leave a circular opening, known to you as 
the micropyle. Look carefiilly with your magnifying- 
glass for the various parts of the ovule while it is 
growing, and, if you have a microscope, make sec- 
tions of it, and study its minute structure. 
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CHAPTEE XIX. 
THE PLANT IN ACTIOK. 



EXERCISE LXXV. 
Absorption of Food by Plants. 

As long as a seed is kept dry, the embryo remains 
michanged ; but, planted in the soil, under the influ- 
ence of moisture and warmth, it begins to grow — ^to 
increase in size and weight, and to develop new or- 
gans. At the same time, the rest of the seed withers 
and disappears. It has been used up by the growing 
embryo, while rooting itself, and opening its leaves 
to the light and air. The plant now goes on inde- 
pendently, adding new material to its substance, in- 
creasing its size and multiplying its organs. 

Nbw, how do growing plants get the materials for 
this increase of substance? 

This is done in three ways. The first is known 
as the principle of capiUaHty. This is the attraction 
of surfaces for liquids, which causes the flow of 
water upward into sponges and porous bodies gener- 
ally ; and its rise in glass-tubes, with small openings 
like hairs, and hence called capiMary tubes. The 
spongy cellular tissue, without epidermis, at the tips 
of roots, is surrounded by moisture, which has de- 
scended, as rain and dew, through the air and soil, dis- 
solving, in its passage, the various matters which are 
the food of plants. Just as the water of your wash- 
bowl wets the whole towel when a corner has been 
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carelessly left in it, so this water of the soil, entering 
by the spongioles and root-hairs, passes from cell to 
cell, and along the vessels and fibres of which the 
plant is composed. 

A second force, which aids in feeding plants, is 
known as osmose. K you place any porous mem- 
brane between two liquids of different density, a 
movement of these liquids through the membrane 
at once begins. Suppose that, on one side there is 
syrup, and on the other pure water, there will be a 
flow in both directions through the membrane ; the 
water will become sweet, and the syrup will be di- 
luted. But the amount of flow is much greater tow- 
ard the syrup than toward the water, and, if the cir- 
cumstances permit, the action will continue till the 
liquids on the opposite sides are alike in density. 
You may obsei*ve this effect in the cooking of ber- 
ries, as currants, for instance. Here the outer mem- 
brane, or skin, of the fruit is between its internal 
watery juices and the syrup in which it is stewing. 
This water passes outward, through the membrane, 
intp the syrup of the stew-pan, in much greater 
quantities than the syrup passes inward, and so the 
fruit shrivels. On the contrary, if you take dried 
currants, in which the juices are concentrated, and 
the fruit already shrivelled, and stew them in pure 
water, an opposite action takes place. The berry 
now receives more water than it loses, swells, and 
assumes its natural shape. In both these cases the 
principal movement is that of the pure or less dense 
liquid toward the denser syrup. This is an example 
of what is called osmotic action. 

Now, the cells of plants, like the dried fruit in 
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the water, contain liquids denser than that which 
surrounds them, and hence the flow is from without 
inward. When they have thus been filled with water, 
the liquid they contain is so related to that of the next 
inner cells that it passes on by osmotic action, thus 
relieving the outer cells, when they are again ready 
for a fresh supply from the soil. In this way the ac- 
tion is kept up, from cell to cell, till the liquid has 
traversed the entire substance of the plant, from the 
tips of the roots to the uppermost leaves. 

The third agent in causing the absorption of 
liquids by plants is, the evaporation of water by the 
leaves, and its consumption by the growing buds, 
which tends to produce a vacuum in the uppermost 
tissues. So that the principle of suction here comes 
in play to pump up the materials of the soil into the 
body of the plant. 

In germination, the food of the plant is ftimished 
by the albumen of the seed, or by the gorged coty- 
ledons of the embryo itself, as in peas and beans. 
This food is changed from the insoluble to the soluble 
state by the action of warmth and moisture ; is dis- 
solved, and, by capillary and osmotic action, is carried 
into the radicle, and used by the growing cells in the 
development of the plumule and the roots. By the 
time this supply is exhausted, the growing plantlet is 
able to live upon material furnished by the soil. Its 
first food is the starch, and other substances stored 
up in the seed the year before, and is organic mat- 
ter. But the substances taken from the soil, dis- 
solved in water, are carbonic acid, ammonia, and 
earthy and alkaline salts — mineral matters which 
cannot serve in building up the plant's fabric; these 
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are changed from the mineral to the organic state by 
the plant itself. 

The root, then, is an important organ of absorp- 
tion. Its cellular extremities are very permeable, 
and the water of the soil tends to penetrate them. 
By the various agencies just explained, it rises, 
through the cells and ducts, to the top of the plant, 
and escapes into the air by way of the leaves. 
Plants are said to absorb carbonic acid, ammonia, 
and sometimes vapor of water, directly from the air 
by their leaves, but the point is not well established. 



EXERCISE LXXVI. 

Evaporation and Digestion. 

When the water of rains and dews, with the ma- 
terials it has dissolved from air and earth, enters the 
plant, it takes the name of dscendmg sap. It thick- 
ens a little as it rises, by dissolving substances con- 
tained in the cells, and, on reaching the leaves, it 
undergoes various changes, and a large portion of its 
water escapes into the air by evaporation. The ra- 
pidity of its exhalation depends upon sunshine, the 
warmth and dryness of the air, and the structure of 
the leaves. A sunflower, with five thousand six hun- 
dred and sixteen inches of leaf-surface, was found, 
by experiment, to exhale from twenty to thirty ounces 
in a day, while it lost only three ounces in a warm, 
dry night, and none at all on a dewy night. A vine 
with twelve square feet of evaporating surface ex- 
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haled five or six ounces a day ; and a young apple- 
tree, with eleven square feet of foliage, lost nine 
ounces a day. Hales calculated that the force which 
impels the sap in a vine in summer-time is five times 
as great as that which drives the hlood through the 
large arteries of a horse ; but the rate of evaporation 
has a large share in determining the force of the flow. 

The influence of evaporation in starting the flow 
of sap is seen when a plant, with a certain time of 
leafing, is grafted upon a stock which puts forth its 
own foliage at a later period. The sap starts with 
the. expansion of the leaves upon the grafted stem, 
and, of course, earlier than usual. Again, when the 
branches of a tree are enclosed and warmed in win- 
ter, so that the buds swell, the sap of the trunk is set 
in motion to supply the demand. 

It is chiefly through the stomata that evaporation 
takes place. Situated in the epidermis, directly over 
the intercellular spaces, they permit the process when 
water is abundant, and arrest it when the supply fails. 
Their agency is of the utmost importance, for, unless 
the surplus water of the ascending sap is got rid of, 
the plant cannot digest its food ; and, unless the ac- 
tion of the sun and air is checked when the supply is 
limited, it would wither and perish. In dry weather, 
from lack of moisture, the stomata shorten, straighten, 
and so close the orifice, and put a stop to evapora- 
tion ; but, when full of water, they lengthen, curve 
outward, and open a free passage for the escape of the 
abundant moisture. 

In some plants, as the cactus, the skin is so thick 
and dense that, succulent as they are, they yet live 
and flourish in dry, hot climates. 
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As we have before stated, the various inorganic 
substances, taken from the soil by the roots, and from 
the air by the leaves, are the food of plants. In the 
leaf-cells they undergo remarkable and very complex 
changes, some of which are understood, while othere 
are not, and which it is the proper business of chemis- 
try to explain. The most important action of the leaf 
is the reduction of carbonic-acid gas, ammonia, and 
water, to their elements, which are used for the forma- 
tion of organic compounds. This may be regarded as 
the first step in the process of organization, and it takes 
place in the leaf only under the influence of light. 
Light is the motive power of the vegetable kingdom, 
and the countless myriads of expanded leaves are all 
little machines, upon whigh it takes effect. Light 
impels the actions of a leaf as falh'ng water impels a 
water-wheel. The light is an active force, which is ex- 
pended upon thie leaf, is absorbed, and produces chem- 
ical decompositions. Carbon, the substance of char- 
coal, is thus separated from carbonic acid, and is ready 
to be used in the production of organic compounds, 
of which it is a universal constituent. The decompo- 
sition of water and ammonia gives also hydrogen and 
nitrogen, and these, with oxygen, form the chief bulk 
of all organized substances. 

Animals have no such power of creating the or- 
ganic substances which compose them. So that the 
whole animal world, and the entire vegetable king- 
dom, may be said to have their origin in leaves. 
But it is only the first step that is here taken. After 
carbonic acid, water, and ammonia, are decomposed, 
their elements are rccorabined in new groups under 
the constructive agency of the plant, and their sub- 
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sequent transformations may go on in all parts of 
the living structure to which the substances are con- 
veyed by circulation. It is only in daylight that the 
initial step is taken in the green leaf; but at all times, 
by night as well as by day, the internal elaborations 
and the growth of parts may go on. 

From this it will be seen that, so far as the air 
is concerned, plants and animals perform opposite 
offices. The lung and the leaf antagonize each other. 
Animals absorb oxygen from the air, and return car- 
bonic acid to it; and, as carbonic acid is a poison, if 
there were no plants in the world, animals would, in 
sufficient time, contaminate it so that it would be 
unfit to breathe. But the poisonous exhalations of 
animals are al)sorbed by leaves, and destroyed, eo 
that the entire vegetable kingdom acts as a vast 
purifier of the air. 

You may very easily observe the powerful influ- 
ence which light exerts upon plants. Remove a 
sprouting potato from the dark cellar into the sun- 
shine ; its pale, watery shoots will quickly begin to 
turn green. The first eflbct of light is thus to pro- 
duce chlorophyll, and this chlorophyll becomes the 
medium of subsequent changes. Observe whether 
it is the upper or under surface of leaves which is 
exposed to the light. Whichever it be, reverse it, 
and note whether the leaf resumes its former posi- 
tion. Place a- movable plant — one growing in a box 
or pot — with an erect stem, in a window, where the 
sunshine will fall upon it. After a little time observe 
the attitude of the stem. If you find it bent over 
toward the light, turn it round, and see if it will 
bend back again. 
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EXERCISE LXXVIL 
The drcuUaion of Blants. 

Although the movement of sap is not, like the 
flow of blood in animals^ along a definitely traceable 
system of vessels, yet, in the larger plants, experi- 
ments show that it passes upward by one route and 
downward by another. In woody dicotyledons, the 
crudej or ascending aap^ rises inside the cambium, 
and chiefly through the woody bundles of the outer 
circles of wood, hence called mp-wood^ the inner por- 
tion of the tree, or heart-wood, having become so 
solid as to obstruct its passage. You may find proof 
of this in many ways. If you remove a ring of sap- 
wood from the stem of a tree, its branches wither 
and die, while hollow trees may flourish, and carry 
on all the processes of life. If you observe trees that 
have been cut down in spring, you can easily see in 
what portions the sap is most abundant. This crude 
sap may be obtained in spring, by making incisions 
into the sap-wood, from which it will trickle, or some- 
times even flow in streams. It is nearly colorless, and 
tastes of the substances it has dissolved from the tis- 
sues of the tree. In monocotyledons, the rising sap 
has a much freer and wider course along the scattered 
bundles of fibro-vascular tissue. 

The elaborated^ or descending sap^ passes along 
the inner layers of the bark, and furnishes the cam- 
bium with material for the growth of cells, and nour- 
ishment for the young buds in the axils of the leaves. 
You may stop its descent by removing a ring of bark 
from the stem or branch of a tree or shrub, but no 
wood will be formed below the mutilation. The 
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ringing of fruit-trees is one of the means of increas- 
ing the product of fruit above the ring. The forma- 
tion of potatoes may be prevented by ringing the 
cortical layers of the stem. Tie a band tightly 
around the bark of a young branch. After a little 
time the branch swells, and forms a cushion above 
the ligature, while, below, it preserves its former 
size. When bark is accidentally rubbed off, the new 
growth, by which the place is gradually covered, 
comes from, above. In monocotyledons, the elabo- 
rated sap descends along the fibres of the liber of 
each of the woody bundles, and in this way furnishes 
the cambium with nourishing materials. 

In brief, then, water, containing the dissolved 
food of plants, is absorbed by the extremities of the 
roots. It rises through the latest-formed wood to 
the cellular tissue of the leaves, and is there submit- 
ted to the action of air and light. Changed to elab- 
orated sap, it descends by the inner layers of the 
bark, yielding up, in its course, nutritious material to 
nourish all parts of the plant, till it reaches the root, 
from which it started. 

Such is the course of the circulation in spring, 
when the leaves are young and active. Later in the 
season, as the woody tissues are more hardened, the 
sap rises in the cellular tissue. In autumn, the leaves 
are obstructed by the deposits of mineral matter, so 
that sap cannot flow in them ; they dry up, and fall, 
evaporation ceases, and, with it, the movement of the 
sap. The so-called spongioles, however, continue to 
act, and so the tree is gorged with liquid before the 
winter sets in. This liquid dissolves the various pe- 
culiar matters deposited in the cells of the plant, and 
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18 ready to flow in spring, when the tree is tapped. 
As the sap flows from the trunk, the supply is kept 
up by the action of the roots. 



EXERCISE LXXVni. 
The Reproduction of Giants, 

The processes described in the preceding ex- 
ercises of this chapter are only concenaed in the 
growth of the plant. As they are carried on by the 
root, stem, and leaves, these parts are known as the 
organs of growth,- or vegetative organs. But the last 
and crowning act in the life of the plant is the pro- 
duction of seed, and in this process the flower is the 
portion immediately concerned. Flowers are hence 
called the organs of reproduction. The influence of 
pollen upon the pistil of a flower is called fertiliza- 
tion. 

Except in rare instances, unless the ovules of a 
plant are acted upon by pollen, seeds do not appear. 
This is proved both by observation and experi- 
ment. You may prevent the production of seed by 
cutting away the stigma of the flower before the 
ripening of the pollen. In the case of ? flowers 
there is no seed, unless they are accessible to the 
pollen of 5 flowers. A ? palm-tree, growing in a 
green-house at Berlin, for twenty-four years had not 
borne seed ; but when some pollen, sent from a dis- 
tance by mail, was artificially supplied to the stigmas 
of the tree, for the first time it bore fruit. Again, for 
eighteen years it was sterile, and in the same way it 
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was again fertilized by pollen, sent tlirongh the post. 
The date is a dioecious tree, upon which the Eastern 
countries depend for food. They suspend panicles of 
$ flowers near the single ? ones, to insure a crop of 
the fruit. One of the ways in which these people 
make war is, to destroy the $ date-trees ; the ? ones 
are, of course, barren, and famine ensues. 

The usual time of fertilization is when the flower 
is most perfect in its colors and fragrance. In the 
course of Nature there are many ways in which the 
pollen reaches the stigma. Either the stamens are 
longest, and it falls upon the stigma below, or, if 
shortest, the flower droops, as in the fiischia, and 
then, also, the pollen falls upon the stigma, or it may 
be thrown upon the stigma by spontaneous jerks of 
the stamen, or the anthers burst with violence, and 
so produce the same result. Pollen is also wafted by 
the winds from flower to flower, or conveyed by in- 
sects in their explorations for honey. In such plants 
as orchids, where the pollen is in masses, self-fertili- 
zation is impossible; the pistil can be acted upon 
only by pollen brought to it from other plants. By 
these various means pollen of all sorts is distributed 
upon all sorts of flowers, but only that of the same, 
or of nearly-related species, takes effect. 

You know the structure of pollen-grains, and that 
the stigma is a mass of moist, cellular tissue, without 
epidermis. Landed upon this conductive tissue, the 
pollen-cell absorbs moisture, and its elastic intine 
swells, and pushes through the openings, or thin 
places of the more rigid extine, protruding a sort of 
tube, which grows downward, into the spongy centre 
of the style, till it reaches the ovary. Here it is met 
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by tlie ovules, and comes in contact with the nucleus, 
through the opening in the coats, at the apex of the 
OYule (the micropyle). Afterward the embryo ap- 
pears, just within the micropyle, with its radicle 
pointing to the orifice. Before fertilization takes 
place, the ovule prepares for it by the formation, at 
the summit of the nucleus, of a special cell, called 
the embryo^ac^ within which the embryo is formed. 
It is supposed that the contents of the pollen grain 
pass into the embryo-sac by osmotic action. In the 
case of cone-bearing trees, the scales turn back, and 
expose their inner surface at the time when the air 
is filled with the pollen from the t catkins, which 
is thus enabled to act directly upon the naked ovules. 
Then the scales close down, and remain till the seeds 
are ripe, after which they again open, and thus permit 
the seeds to escape. If you make sections of a pistil — 
when the pollen is in perfection — with a microscope, 
you may see these things for yourself. The spectacle 
of a pollen-covered stigma is one of great beauty and 
interest, even with a good magnifying-glass. After 
fertilization, the flower withers, and the vigor of the 
plant is spent in the growth and perfection of the 
fruit. 

Reproduction of Ferns. — ^All over the lower sur- 
face of the prothallus (Fig. 352), cellular, pimple-like 
bodies are formed. These projections consist of four 
tiers of cells, with a canal running down the centre. 
They project below the lower surface of the prothal- 
lus, and, when mature, have an open mouth. The 
canal leads to a basal cell (embryo-sac). These bodies 
are the pistillidia or archegonia of ferns. 

Antheridia. — These also are cellular projections, 



GEORGE W. STAPHS j» 



258 THE SECOND BOOK OF BOTANY. 

formed on the under surface of the prothallus, but 
most abundantly near the centre, among the rootlets 
(Fig. 352). They are composed of one or two cells, 
developed from the lower face of one of the cells of 
the prothallus. Within these cells another is formed, 
in which soon appear a number of minute vesicles, 
called sperm-eeUs. When mature, the top of this 
antheridial cell falls off, like a lid, and the sperm- 
cells escape. Each of these, when ejected from the 
antheridium, emits an anthrozoidy a minute^ ciliated 
body, which has the power of spontaneous move- 
ment (Fig. 414), It is by the passage of these an- 
therozoids down the canal of the pistillidia that the 
corpuscle of the embryo-sac is fertilized. From the 
embryo thus produced, the young fern is developed, 
which, at maturity, produces sporanges and spores. 



EXERCISE LXXIX. 

The Movements of BlatUs. 

It is usually considered that one of the prime dis- 
tinctions between animals and plants is, that the for- 
mer have the power of spontaneous motion, while 
the latter do not. But plants do manifest this faculty 
in various ways, and in a quite remarkable degree. 
It is seen in the very simplest forms of plant-life. 
These are the Algse, the lowest class in the vegetable 
kingdom, to which sea-weeds and fresh-water confer- 
vae belong. The mode of reproduction of the algaa 
is obscure ; but, in certain fresh-water kinds, it take** 
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place by what are called " zoospores," and which are 
represented in Fig. 414. It appears, from the latest ex- 
aminations, that these zoospores, which are of extreme 
minuteness, are of ovoid shape, and are partially or 
wholly covered with those extremely fine, hair-like 



Fig. 414. 
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bodies, known as ciZia, which have the power of 
spontaneously vibrating, or lashing backward and 
forward. They exist upon the surface of animal 
membranes, and, by their rapid, incessant, whipping 
motion, they cause the agitation and circulation of 
fluids upon such surfaces. Now, as soon as these 
minute zoospores free themselves from the parent- 
cell, the cilia begin to vibrate with great rapidity, 
the vibrations being accompanied by a movement of 
rotation of the cell, and the result is a quick motion 
of the body through the water, similar to the move- 
ments of the lower forms of animal life. After the 
motion has continued from half an hour to several 
hours, the zoospores settle down, lose their cilia, and 
give rise, by cell-division, to new organisms, resem- 
bling the parent. (Some algae have a peculiar undu' 
latory motion, hence they are called osciUatmna,) 

In the case of higher plants, there are many capa- 
ble of peculiar motions, some of which seem to re- 
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semble the sensitive movements of animals. The 
most remarkable example is that known as the sensi- 



Fio. 415. 



tive-plant. Fig. 415 represents a leaf of it, with its 
leaves expanded, as when undisturbed in sunshine. 



Fio. 416. 
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THE PLANT IN ACTION. 

If, now, it be touched by the hand, or the warm 
breath, the whole leaf is quickly aflPected, and col- 
lapses. First, the leaflets close in pairs, bringing 
their upper faces together, and, inclining forward, 
then the four outspread leaves approach each other, 
and, at the same time, the main leaf-stalk turns 
downward, so that the leaf presents the appearance 
shown in Fig. 416. 

Another remarkable instance of sensitiveness in 
a plant occurs in a case of the VenusVFlytrap of 
North Carolina, represented in Fig. 417. It is the 

Fig. 41T. 



leaf that plays the part of the trap, both in its struct- 
ure and in its action. The midrib of each leaf plays 
the part of a hinge, while its upper surface is covered 
with fine bristles, and its margin is sharply toothed. 
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When the surface is touched, the leaf suddenly closes, 
like a steel-trap, and, if the intruding substance be an 
insect, it is immediately imprisoned, as shown in the 
figure. If nothing is caught, the trap soon reopens 
of itself, but, if there is a \ictim, it is held with con- 
siderable force. 

This irritabih'ty, or sensitiveness, seen in leaves, 
is not uncommon, also, in the flower. Spontaneous 
motions occur in the petals of the sundew, and in 
the lip of the corolla of several of the Orchis tribe. 
It occurs in the organs of reproduction, and is then 
connected with the process of fertilization of the 
ovule. The stamens of the various species of bar- 
berry exhibit this irritability to a remarkable degree. 
If touched with a pin, or other object, at the base of 
the inside filament, the stamen will spring violently 
forward from its place within the petal, so as to bring 
the anther in contact with the stigma. In Fig. 418 

Fig. 41& 



the first position is shown at a, and the second at K 
After a time the stamen slowly resumes its position. 
It might seem as if' this Arrangement were designed 
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to secure the fertilization of the pistil from the pollen 
of its own flower. But this is not so. The move- 
ment takes place when an insect, in quest of the 
honey in the glands at the base of the pistil, touches 
the inside of one of the stamens. The pollen is thus 
thrown on the insect, which conveys it to the next 
flower it visits, and, leaving some of it on the stigma, 
brings about cross-fertilization. 

Interesting motions, dependent upon contact, are 
also seen in the tendrils of many climbing plants, 
which bend and alter the position at the touch. 

Climbing Plants. — These are of various kinds, and 
are so common as to be easily found by anybody who 
will look out for them. When a plant is seen to be- 
long to this class, the first question to be considered 
is. How does it climb upon its support ? Does it twist 
around it (twining) ? Does it put out fingers, roots, 
or suckers, for attachment (root-climbers) ? or does it 
shoot out tendrils (tendril-climbers)? The tendrils 
of climbing plants exhibit interesting motions, de- 
pendent upon contact. They bend, and alter their 
position at the touch. This curling efifect, which en- 
sues from contact, is represented in Fig. 419. The 
motion consequent on a single touch increases for a 
time, then ceases, and, after a few hours, the tendril 
uncurls, and resumes its former position. Tendrils 
have a tendency to curl round any object with which 
they come into contact, except other tendrils of the 
same plant. It has been remarked as curious that, in 
some exceedingly sensitive plants, the falling of drops 
of rain on the tendril produces no movement. Ten- 
drils are contrivances for climbing ; they stretch out 

in search of support, and move through circuits to 
1*J 
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find points of attachment. When one has secured a 
hold, it shortens by curling up so as to draw the main 

Fio. 419. 




stem nearer to its support, then it rapidly becomes 
thicker and stronger tiian before. 

Tendrils of the bigonia (Fig. 420) are described 
by Mr. Darwin as having a revolving movement, and, 
when they grow through a branch, and come into 
contact with the twig, the points bend in like claws, 
and the tendril holds on to the twig exactly like a 
bird when perched. The same naturalist says that 
the tendrils of this plant will slowly travel over the 
surface of a piece of wood, and, when the point, or 
" toe," of one of them finds a hole or crack, it inserts 
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itself, and it will sometimes, after many honrs, with- 
draw from one fissure, as if it did not find it satis- 
factory, and seek another. There is something won- 

Fio. 430. 





derfully like instinct in all this. Prof. Gray remarks : 
" K we watch the tender passion-flowers which show 
the revolving so well on a sultry day, we may see 
with wonder that, when a tendril, sweeping hori- 
zontally, comes round so that its base nears the par- 
ent-stem, rising above it, it stops short, rises stiffly 
upright J moves on in this position until it passes lyy 
the stem^ then rapidly comes dovm again to the hori- 
zontal position, and moves on so until it again ap- 
proaches and again avoids the impending obstacle." 

Observe the structure and watch the movements 
of tendrils in pumpkin, squash, gourd, and grape 
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vines. When a tendril has effected an attachment, 
and both ends are fast, how does it continue to coil ? 
How do the tendrils of grape-vines move in respect 
to the light ? In what way do they seize the support ? 
In what way do the tendrils of the Virginia creeper 
and ivy attach themselves to walls ? On a sultry day 
rub gently, with a stick or with the finger, the whole 
length of a vigorous tendril, and note the effect, and 
the time in which it is produced. 

Twiners. — Some plants rise by twisting around 
their support, as in the familiar case of the bean, or 
the hop, or the morning-glory. The extremity of 
the stem of a bean, which has grown a foot or two 
beyond its support, will extend from it in a nearly 
horizontal direction. If its position at a certain time 
be noticed, and then, if it be observed again some 
time afterward, it will be found to have changed 
place, and to point successively in different directions. 
I'he end of the stem thus revolves in a circle round 
its support, and the same kind of plant always turns 
in the same direction, although some go with the sun 
and some against it. The twining is, of course, the 
simple result of revolving in a circle, for, if the stem 
reaches away, and is arrested at any point by an ob- 
stacle, the portion beyond continues to move round 
in the same direction, and, as it lengthens, it of course 
twines around the impediment. 

"Observe the attitude of a stem of the bean, hop, 
or morning-glory, that overtops its supports. Mark 
the position, and observe it again in an hour or two 
afterward. What is the direction taken in each 
case i How does temperature affect the result ? Do 
they move in the night? Make dots with ink along 
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the upper side of the outstretched stem, and see if 
the dots continue in that position. 

Make a circuit of the garden and grounds in the 
daytime, and note the appearance and position of 
the leaves of each of the plants you encounter. Ob- 
serve the attitude of the petiole and the blade, and 
the degree of flattening that the leaf exhibits. Note, 
also, the state of the floral organs. Observe them 
again in the evening, or at nightfall. Flowers that 
were open by day, and are now closed, should be ob- 
served again on the following day, to see if they re- 
open. If they do, watch them, and discover their 
times of opening and closing. If they do not, dis- 
cover, if you can, how long they remain open. 

Have the leaves oi any of the species observed in 
the daytime assumed a different position ? 

When certain movements of leaves and petals, as 
curvature or folding, take place at particular times, 
and the new position is retained for a certain period, 
such movements are called the sleep of plants. 
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CHAPTER XX. 
COLLECTDTG AND FBESEBTDTa FLAHTS. 

EXERCISE LXXX. 
How to gather, press, and mount Plants. 

Fio. 421. 



Implements. — For your botanical excursions you 
will need a small trowel for digging roots (Fig. 421), 
or a large, strong, clasp-knife, that will serve both for- 
digging and for cutting branches ; a strong portfolio, 
from sixteen to twenty inches long, and ten or twelve 
inches wide, tied with tape or a strong cord. It should 
be made of two stout sheets of pasteboard, separated 
at the back (Fig. 422), and will be all the better if 
covered with enamelled cloth, to protect it from 
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moisture. This portfolio should contain a stock of 
thin, unsized paper, such as the poorest printing- 
paper, or grocer's tea-paper, and a close tin box, for 
preserving specimens, to be examined at home while 
fresh. Such a box is shown strapped upon the col- 

Fio. 422. 





lector, in Fig. 421. It shuts close, and has two com- 
partments: the large one, with a door in the side, 
nearly as long as the box ; and a small one, two or 
three inches deep, with a door in the end, for re- 
ceiving small, delicate specimens of any kind. 

What to get. — Specimens that are intended for 
preservation must be gathered with great care, and 
pains must be taken to get average examples of each 
species. If possible, they should be gathered in dry 
weather. Herbs should be gathered when in flower 
and in fruit. They should be taken by the root, and, 
if it is not too large, this should be pressed, along 
with the rest, to show whether the plant is annual, 
biennial, or perennial. Thick roots, bulbs, tubers, 
and the like, should be thinned with a knife, or cut 
in slices, lengthwise. Buds and fruit should be ob- 
tained, as well as the expanded flower. All three 
may sometimes be found upon the same plant, but 
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generally they will have to be obtained at diflTerent 
times, unless, indeed, you are able to 'find buds, 
flowers, and fruit, all at once, upon plants in diflfer- 
ent stages of development. 

Small herbs may be preserved entire. K the 
radicle leaves are withered at flowering-time, get a 
younger specimen in which they are fresh. When 
herbs are too large for this, they may be cut in sec- 
tions, or folded, or you must be content with branch- 
es and specimen-leaves taken from near the root. In 
the case of woody plants, one or more shoots should 
be taken, bearing leaves, flowers, and fruit. Both 
sterile and fertile flowers should be obtained from 
monoecious and dioecious plants. 

Transporting. — The specimens, when freshly 
gathered, should be laid between the sheets of the 
portfolio, the more delicate ones being carefiilly 
placed between sheets of drying-paper, so that, on 
reaching home, they can be transferred to the press 
without being disturbed. The folds and doublings 
of leaves and petals of ordinary plants, occasioned 
by the wind, in the open field, are easily smoothed 
out when putting the plants in press. 

Pressing. — ^As good an arrangement as any for 
pressing plants consists of two stout boards, that will 
not warp or bend, between which the specimens are 
placed, with any convenient weight — as stones, or 
masses of iron, of not less than fifty or sixty pounds 
— laid on the top. Between the plants you piit layers 
of drying-paper. Newspapers answer very well for 
this purpose. They should be made into packets of 
about a dozen thicknesses, stitched together. Lay 
the plants smoothly between these packets. Put 
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unsized paper between the parts of a specimen that 
overlap each other, to prevent moulding, and hasten 
drying. Be careful to dispose the plants so that they 
will not lie directly above each other ; keep the top 
of the pile as level as possible, to equalize the press- 
ure. The number of packets interposed will depend 
upon the juiciness of the plants, and must be left to 
your own judgment. When plants are first put in 
press, the papers should be changed once a day for 
three or four days, after which every other day will 
answer. When the drying packets are changed, 
they should not be left lying upon the floor, but 
should be dried upon a line stretched across the 
room, or in the open air. 

Mounting of Specimens. — ^When the plants are 
dry, the next thing is to mount them. For this pur- 
pose you will need — 1. Strong, heavy, white paper, 
larger than fookcap — sheets 17^^ inches in length by 
11 J- inches in width, is a size, on many accounts, de- 
sirable ; 2. Corrosive sublimate, for poisoning plants, 
to keep off insects ; 3. Glue, to fasten them upon 
the paper. 

Dissolve about an ounce of sublimate in a quart 
of alcohol. It should be labelled, and kept with great 
care, as it is very poisonous. A simple way of ap- 
plying the solution is to pour a little into a large, flat 
platter, so as to cover the bottom, and "immerse the 
whole specimen for a second therein." After poison- 
ing, the specimens are to be laid between driers, and 
subjected to slight pressure for twenty-four hours, 
when they are ready to be fastened to the paper. 
The flowers and tender parts of coarse, tough plants 
^re all that need poisoning. 
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Tlie specimens are to be fastened to the paper 
with hot glue, about as thick as cream, laid on to the 
plants with a camel's-hair pencil. Strips of thin, 
gummed paper should then be fastened over the 
thicker parts, to prevent their coming loose in han- 
dling. Prepare your glue in an earthen or porcelain- 
lined vessel, as corrosive sublimate acts on all com- 
mon metals, and the brush, passing from plant to 
glue again and again, will be likely to produce stains 
if there is a trace of metal in the solution. 



EXERCISE LXXXI. 

Labelling and arranging, Plants. 

In some methods of studying botany the scientific 
name of a plant is the first thing inquired for. But 
here you have reached the last exercise of the book, 
and have prepared a collection of plants for receiving 
labels, while yet ignorant of this part of the subject. 
It was, however, not the design of the present work 
to teach you to label plants, with their scientific 
names, for these are arrived at only by the study of 
the groups known as genera and species, and they 
are far too numerous, and are based upon too many 
combinations of detail in structure, to make it possi- 
ble to deal with them in a text-book like this. Be- 
sides, in the true order of study, naming follows, and 
depends upon classification. You have already done 
something in this direction. You know the charac- 
ters upon which classes are founded, have studied a 
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few natural orders, and have begun to consider the 
affinities of plants. Now, classification, from begin- 
ning to end, consists in associating plants by these 
affinities, and can be rationally performed only when 
they are perceived. The reason for a plant's scientific 
name is found in its predominating affinities. Intel- 
ligently to label your plant, therefore, you should be 
so familiar with its assemblage of characters and re- 
lations to other plants, that you can see why it is 
placed here^ and not.^A^r^, in the established arrange- 
ment. 

The work you have begun now requires a regular 
botanical manual to carry it out. There are various 
books that may be used for this purpose, but Gray's 
"Manual of the Botany of the Northern United 
States " may be commended as a most excellent work 
for the purpose.* It gives a fall statement of the 
characters of each order, followed by a description 
of the genera it contains, and then the peculiarities 
of the species of each genus are fully given, so that 
a plant is easily identified. The genus and species 
determine the scientific name. When you have had 
some experience in tracing the ordinal, generic, and 
specific characters of plants, you will read, with 
profit and pleasure, the chapter of the " Manual " 
upon classification, and be prepared fully to under- 
stand the system by which plants are named. 
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AN EXPLANATION OF THE ABBREVIATIONS 
USED EST THE BOTANICAL CHARTS. 



Seven principal references are made with a Capital Letter^ to 
he looked for below each Illustration; and the subordinate 
parts are then noted hy small letters, A reference within a Q 
implies not magnified \ C. (yn the left indicates a Longitudi- 
nal Section^ and ^ alove^ a Transverse, 



L. ... 


..Leaf. 


— p. . 


. . petiole. 


— 1. .. 


. . limb. 


— 1. 1. 


.. leaflet. ^ 


— 8. .. 


. . stipule. 


I. fl. Inflorescence (in flower). 


I. fr. Infructescence (in fruit). 


- p. 


peduncle. 


-p.p. 


pedicel. 


- b. 


bract. 


-b.g. 


glume, 
pale. 


-b.p. 


- g. r. 


general receptacle. 


M 


Estivation (diagram). 


green. . 


sepals. 


red .... 


. petals. 


yellow . 


stamens. 


brown . 


carpels. 


blue 


ovules. 


shadecl. . 


adhesion of whorls. 



n 


Flower. 


— f. r. . . 


floral receptacle. 


~ph... 


. perianth. 


— ph. 1. 


leaves of. 


— ca . . . 


calyx. 


— ca. 8. . 


sepals. 


— CO. . . . 


corolla. 


— CO. p . 


petals. 


— s 


stamen. 


— s. f. . . 


filament. 


— 8. a... 


anther. 


— s. c. . . 


connective- 


— s. p. . . 


pollen. 


— pi. . . . 


pistil. 


— pi. ca 


carpel. 


— o 


ovary. 


— o. cl. . 


cell of. 


— 0. d. . 


dissepiment 


— o. pi. . 


placenta. 


— 0. f... 


funicular cord 


-sty... 


style. 


— sti 


stigma. 


— oo 


ovule. 


— oo. rh. 


raphe. 
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EXPLANATION OP ABBEKVIATIONS. 



Fl. oo. cli. chalaze. 

— oo. f. . foramen. 

— D nectary. 

Fr Fruit 

— pe pericarp, 

ep.. . . c epicarp. 

me. . . •< mesocarp. 

en. . . ( endocarp. 

— ca. carpel, 

— pe. V valve. 

— pe. cl cell. 

— pe. d dissepiment. 

— pe. p placenta. 

— pe. f. funicular cord. 

— pe. f. a. . . . arillus. 



S Seed. 

— in integument. 

ts \ testa. 

tg — ( tegmen. 

— h hile. 

— m. ... mycropyle. 

— rh. ... raphe. 

— ch .... chalaze. 

— ar. ... arillode. 

— al albumen. 

E Embryo. 

— ca caulicle. 

— CO. . . . cotyledon. 

— r radicle. 

— pi. ... plumule. 
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Ao'csssoBT, or Anthocak'fous Fbihts. 
Those formed by the anion of many 
separate flowers. 

Aocvif 'bknt Cottm'dokb. Having the 
radieie folded against their edges. 

Acmt'VTCU. A small, indehisoent peri- 
carp. 

AcHLAMTD'sovs. Having y protective 
orgtaiB. 

Ao'soGXirs. End-growers. 

Adhe'siok. The growing together of 
different floral whorls. 

Ad'natb, or DoBSTFixxD (anther). With 
the filament running up the back of the 
anther. 

.fisTivA'TioN, or Pe-«ploba'tion. The 
process of flowering. 

^ Val'vular. When the edges 

of the sepals and petals Just meet, with- 
out overlapping. 

^ ^Jndu'pUcaU. Where the 

edges of the sepals or petals are turned 
slightly inward, or touch by their ex- 
ternal Ihce. 

, Redu'plieate. When the 

edges are turned slightly outward, or 
touch by their internal face. 

, Contorted. When each leaf 

overlaps its neighbor, and the parts 
seem twisted together. 

^ Con'tfolute. When each sepal 

or petal wholly covers those within 

— — , Im'hrieate. When the petals 

or sepals overlap one another like shin- 
gles on a roof 

, FrtB'iff^ry. When the ex- 
ternal petal, as in a vexillum, is largest 
and folds ovor the other petals. 



iB8TiTA'iioH,or Pb^tloba'tiom, Coch'- 
lear. When one of the petals of the 
corolla, hollowed like a spoon, covers 
the other petals. 

, Sup^rcfMte. When the pet- 
als are all folded around in one direc- 
tion inwrappingone another. 

Anat'bopoits (ovule). Turned over, so 
as to bring the mycropyle to the hilum. 

AicDBJE'ciUM . All the stamens of a flower 
taken together. 

Ah'oiospbbm. a plant having its seeds 
encloeed in a pericarp. 

Air'iiiTAL. living one year. 

Air'MULAB. In rings. 

AN'NiTLirs. A ring. 

AFFQf 'iTT. The resenblance of charac 
ter among plants. 

Ao'gbbgatb (flower). Ck>mposed of flo- 
rets united within a common receptacle. 

Albu'men (of seeds). The tissue In which 
the embrvo is embedded, and by which 
it is nounshM. 

A L'G A (pL, A tgcp). Sea-weeds and other 
cryptogamous water-plants. 

Ah'ophttbs. Cryptogamous plants. 

Anthbb. The thickened, oblong head of 
a filament. 

Anthebid'ia, or An'thbbids. Organs in 
cryptogamous plants, answering to the 
anthers of flowering plants. 

Apocab'pous. Having the carpels sepa- 
rate. 

Appbndio'itlab (connective). Extending 
above <nr below the anther, and taking 
the form of a feather, a fleshy mass, 
etc 

ABACH'Nonx Resembling a cobweb. 



Digitized by VjOOQ IC 



278 



GLOSSAfiT. 



AxoHsoo'inuM, or ABOH'iooim. The 

same as piBtUUdia. 
Aboknding Oyulu. Sising upward ob- 

Mqaely. 
Awn. The beard of oats, barley, ete. 
Axial Em'bbto. Situated in the oentre 

<tf the albumen. 
AxiLB. Belonging to the centre, or azia. 
Az'njJkKT. Starting from the axil of a 

leaC 



Ba'sal. Bitoated at the base. 
Ba'sifixxd. Same as innate. 
BxBBT. A thin-skinned, indehlsoent. 

1ui<7 fruit, having the seeds embedded 

in a pulpy mass. 
BiDBN'TATS, or Bious'piD. Two- 

toothed. 
Biennial. Living two years. 
Bi'nabt. Arranged in twos. 
Blade. The flattened green part of a 

leaf. e i- 

BoBAoiNA'icK& Plants of the Borage 

&mily. 
Bract. A small leaf or scale, from the 

axil of which a flower, or Us pedicel, 

proceeds. 



Cadf 'coub (floral whorls) Falling when 

the flower opens. 
Calyp'tba. The cap or hood of a spo- 

range. 
Calyx. The outer covering of a flower. 
CAM'Bnnf. A glutinous sap occurring 

between the newest layers of wood and 

bark. 
Camptlot'bopous (ovule). Having the 

apex bent over close to the base. 
Cap'illaby. Pertaining to capillary or 

very minute tubes. 
Cap BULB. The pod of a compound pis- 
til ; the dry, dehiscent fhiit cf syncar- 

pous pistils. 
Cab 'pel. A simple pistil, or one of tJie 

parts of a compound pistil 
Cabyop'sw. a one-celled, one-seeded 

fruit with pericarp, membranous^ and 

united to me seed. 
CelI. a small chamber: the ultimate 

form in plant physiology. 
Cbllttlab TissiTE. The mass of sub- 
stances tbrmed by the union of cells. 

— ■ , Regular. Haviog cubical cells. 

• ^ Priwnatic. Having elongated 

ceUs. 
y TaJnUar, Having flattened 

cells. 



CELLirLA^.TiS8US, Jfiif^orm. Havinur 
the cells arranged like courses of brick 
ina walL 

Chala'za. The place where the nucleus 
and the coats of an ovule grow together. 

CShabaotbbs of Plants. The perma- 
nent features of species. 

Chlo'bophyll. The green ool<»1ng-mat- 
ter of plants. 

CiL'nrx (pi., CiuA). A vibrating hair or 
lash. 

Cooh'lxab .Estivation. (iS!se .Estiva- 
tion.) 

Cohb'bent. Growing together. Said of 
identical parts. Thus petali with pet- 
als, sepals with sepals, etc 

CoHi'siON. Ghrowing together of parts 
of the same sort 

CoLUM'NAB. Shaped like a column. 

Com'missube. The ftce by which two 
cupels cohere, as in UmbellifersB. 

Complete (flower). One having all the 
organs. 

Ck>MPOs'TTiB Plants whose flowers are 
made up of several florets with syn- 
geneseous stamens. 

COMPOUND (pistil). Consisting^ of several 
united carpels. 

0>N'iCAL. Bound, and decrearing to a 
point. , 

0>NNEG 'ttvb. a continuation of the fila- 
ment which unites the two lobes of tiie 
anther. 

CoNNi'vANT. Converging. 

CONTOBTBD -ESTTVATION. {Sm MvTTVA- 
TION.) 

Cobol'la. The inner covering of a flow- 
er. 
Cob'tical Laybb. a layer of baric. 

Ck>BTMB'. A species of inflorescence in 
which the lesser flower-stalks are pro- 
duced along both sides of the common 
stalk, rising, however, to the same 
height as the latter, Eao^ scurvy-grass. 

Cbem'ocabp. The flmit of tlmbellifenB, 
consisting of two indehiscent carpels. 

Obltjctf'krm. Plants having a crucilbrm 
foroUa; stamens four — two oag, and 
two short; inflorescence racemose, 
without bracts. 

Cbyptoo'amous. Floweriess. 

CiTLM. llie stem of grasses and sedges. 

Cir'pin.E. A little cup; the involucre of 
a nut. 

Cyme. A loose, irregular, definite inflo- 
rescence. 

Cymo'sb, or D efini t e Inflobeb'cengb. 

Cyp'sela. An achenium with an adhe- 
rent calyx-tube. .£le., the CompositsB. 
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Dbcan'dboxtb. Having ten stamens. 
Dbcid'uous. Subject to ML off. 

Dscid'hous (floral whorls). FalHng be- 
fore the fruit is formed 

Degub SATED. Crossed. In the shape 
of an X. 

DKFmmc Not exceeding the numb^ 12. 

Dehis'csncb. a bursting open, as of a 
pod or of an anther. 

Deuis'oent. Bursting open. 

Diadbl'phous. Having the filaments 
grown togetiier in two bundles. 

Dian'dboitb. Having two stamens. 

Dichlamtd'bous. Having two protect- 
ing organs, viz., calyx and corolla. 

Dichot'omous. Begularly dividing by 
pairs. 

Dic'linovs. Having the stamens and 
pistils in separate tlowers. 

Didyn'amous. Having two long and two 
short stamens. 

Dilated. Spread ; flattened out 

Bim'ekous. Arranged in twos. 

DiinD'iATED (anther). Having one lobe 
abortive or suppressed 

Dke'cious. Having male flowers on one 
plant and female on another. 

Dis'ooiD Floweb-heads. Those desti- 
tute of ray-florets. 

Disk Florets. The inner florets of a 
flower-head. 

DissEP'iMENTS. Partitions in an ovary 

or fruit 
' Dist'ichous. Having two rows. 

Distinct. Not held by cohesion. 

Dodecan'dboub. Having twelve sta- 
mens. 

DoBSAL. Belonging to the back. 

Dbitpb. a pulpy, indehiscent one-celled, 
one- or two-seeded fruit with succulent 
or fibrous epicarp, and hard, stony, dis- 
tinct endocarp (««?., peach). 

Ducts. Tubes lying among the cells of 
plants; called also vessels. 

Duba'men. Heart-wood. 



Emab'gikatb (anther). Having the sum- 
mit or base of its cell extending upward 
or downward, a little beyond the con- 
nective. 

Endecan'dboub. Having eleven sta- 
mens. 

En'docabp. The inner coat of a fruit 

En'dogens. Inside-growing plants. 

Knnean'dboits. Having nine stamens. 

Ep'icabp. The outer covering of a ftTilt 

Epideb'mis. The cellular layer covering 
the external sotSek^ of plants 



Epio'thous. Having the stamens in- 
serted upon the ovary. 

Epipbt'alous. Having the stamens in- 
serted upon the coroUa. 

Ebect Ovtlbs. Bisihg uprigtit firom the 
base of the oeU. 

Essential Obgans (of fiowers). Tliose 
requisite tor the production of the 
seeds, that is, the stamens and pistil. 

Et^'bio. Same as aiigr6ga46 fruits. 

ExALBu'MiNous (sccds). Those wittumt 
albumen. 

ExcENTBio Embbto. Situated away 
from the centre of the albumen. 

Ex'oobns. Outside-growers. 

Exbebt'ed (stamens). Extending be- 
yond the corolla. 

Ex'tinb. The outer coat of a pollen- 
grain. 

ExTBO BSE. Facing outward. 

Fas'cicle. a cymose cluster of nearly 
sessile flowers. 

Fbnes'tbated. Having chinks or slits. 

Febtile. Bearing seed. 

Ff'BBo-vAs'cuLAB. Pertaining to fibre, 
with vessels or ducts. 

FiL'AMBNT. The stem-like part of a sta- 
men. 

FiL'iFOBM. Thread-like. 

Flobets. The flowers of a flower-head. 

Fbbe. Not held by (M?A/;«io». 

Fbee-centbal Placentatton. Having 
the ovules in the centre of the pistil, 
without dissepiments. 

Fbond. The leaf of a fern. 

FuN'ous (pi., FiTNGi). A plant of the 
mushroom kind. 



Gamopet'alous. Having the petals 
grown together. 

Gamosep'aloub. With sepals grown to- 
gether. 

Globo'se. Bound, like a globe. 

Gloh'ebule. a cjnnose cluster of ses- 
sile flowers in the axil of a leaf. 

Gluma'ce^ The grassec and sedges. 

Glume. The floral covering of grasses 
and sedges. 

Go'NOPHOBE. Supporting stamens and 
pistil. 

GBAMiN'EiE. The grasses. 

Gtm'nobpebm. a plant bearing naked 
seeds. Ex.^ pine, hemlock. 

Gtnan'dboub. Having the stamens con- 
solidated with the pistil 

Gtn'obabe. a dilated base, or receptacle, 
supporting a multik)cular ovary. 
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Onr'oPHOKV. The pedleel ndsliig the 
pistil or oYftiy abawe the Btamens. 



HarTAH 'DBOvt. HftYing seyen stamenB. 
Hbhm APH'KODm. Containing both Bta- 

mens and pistils. 
HiBPniD'iini. A fruit of the orange Und. 
HsTBBOQ'AifouB. Bearing flowers of 

different kinds, as r^;araB the piBtUs 

and stamens. 
Hixajt'dboub. Haying six stamenB. 
Hi'Lmt. The scar left on a seed after 

separatl<m team the placenta. 
Homog'amoub. Bearing flowers all of 

one kind as to the pid^ and stamens. 
HoRizoir'TAL OyuLiB. Lying leyel with 

thehoriKML 
IlTPOG'TironB. Haying the Btamens in- 
serted under the oyary. 



Im'bbicats .^snyATioN. (See .SenrvA.- 

TION.) 

Includbd (stamens). Haying their en- 
tire lengu within the oorolla. 

Ingum'bbnt Gottlk'dons Haying the 
radicle folded back on one of them. 

iMDKFiNrrB. Exceeding the number 12. 

Indehib'okitt. Not bursting the pod. 

Indupuoats (yalyate aestiyation). See 

^fiSTIYATlOM. 

Imdu'stum. The scale or eoyering of a 
fruit-dot on the fern-leaC 

Infkbiob. Below. 

Inflobbs'csncb. The arranginnent of 
flowers on the stem. 

In'natk, or BAsmxBD (anther). With 
the filament running straight into the 
base of the connective. 

Inbebtion. The attadmient of an organ 
to its support 

In'tebnodb. The space between two 
nodes. 

In'thob. The inner coat of a pollen- 
grain. 

Intso'ssk. Facing inward. 

Involu'cbb. The outer green circle of a 
flower-head. 

Ibbbgulab I>ehi8'cbncb. When the 
seeds are discharged from the ovary 
through chinks or pores, or other irreg- 
ular opening. 

Lactt'ne. a hole or srap in cellular tis- 
sue, produced by the destruction of 
cells. 

Latebal. Pertaining to the side. 

La'tbx. The milky sap oontainod in the 
stalks and leaves of certain plants. 



liATioxr'BBOirs YxBfiXLS. Those contain- 
ing the latex. 

Lbgu'mb. a pod dehiscent into two 
valves, leaving the seed attached at 
one suture. 

Li'bbb. The inner bark next the wood. 

Lich'bk. The plant commonly called 
rock-moss, tree-moss. 

Limb. Border of a leaf; etc 

Lio'inLATB. Tongue-shaped. 

Lobb. a large division of an organ . 

Looitlioi'dal Dehis'cbnob. When the 
splitting of the ovary opens into the 
cells by the dorsal suture. 

Lo'MBiffTj' An elongated pod with two 
valves which are divided transversely. 



Malb (flowers). Having stamens, but no 

pistils. 
Mabobs'obnt (floral whorls). Persisting 

in a dry and withered state. 

Mbdul'labt Bats. Bays extending 

from pith to bark in exogens. 
Mbdttl'labt Shbath. a thin layer of 

vascular tissue surrounding the pith. 
Mbb'icabp. One half of the fruit of an 

umbellifer. 
Mbs'ooabf. The middle layer of a peri- 
carp. 
Mi'cBOFTi.B. The opening into the coats 

of an ovule. 
MiDBiB. The midn rib of a lea£ 
MoNADBL'puoirB. Having the filaments 

grown t(^ether in one bundle. 
Monan'dboub. Having one stamen. 
Monochi.amtd'bou8. Having only one 

protecting oigan, the calyx. 
MoN<B'cion8. Having male and female 

flowers on the same plant 
MuLTiPLB (pistil). Consisting of several 

distinct carpels. 
Mtcb'lium. The filamentous parts of a 

ftingus, answering to root, stem, and 

leaves of higher plants. 



Nbo'taby. a littie gland on the claw of 

a petal, which secretes a sugary Hquid. 
Nbutbal. Having neither stamens nor 

pistUs. 
Nxr'cLEiTS. The centre of an ovule, where 

the embryo is formed. 
Nut. a hard, one-seeded, indehiscent 

fruit 



Oblowo. Having greater length than 

widtii. 
Obsolbib. Not distinct ; rudimentaL 
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OoTAiT'OBOVB. Hsrlog ei^ht stameni. 

Opbb'gulum. The lid of a spormnfe. 

QBaAKOo'KAPHT. A denoiption of the 
organs of plants. 

OKnioT'BOPOUB (ovule). Haying its base 
in one positkm with Uiat of the nadeas, 
wliile toe myoropyle is at the apex. 

Os'Mosa. The tendency of ihdds to in- 



taining the seeds. 
O'Tom. Befl«Dl>ling an tgg, 
Cyttls. a nidimentaiy seed. 

Pa'lsa Chair; the htaet-llke bodies 
owing among the florets of a flower- 



growin 
head. 



Pak'iolb. An open doster. 

Pap'pub. The down, beard, bristles, ete., 
representing the calyx in OompositK. 

Paskn'ohtma. Cellular tissue having a 
spheroidal, not tubular fi>nn. 

, Complete. When the ceOs Ke dose 

togethOT, without intervals. 

, Incomplete. When there are un- 
occupied spaces between the cells. 

PAKAPUT'sn. Stalks or flkments ae> 
companjring the antheridia of mosses. 

Pabi'btal PLAcmfTA'Tiow. Havtug the 
placenta attached to the walls of the 
ovary. 

Tkdw'cim. The stem supporting the 
flower and fhiit of a plant 

Pbntam 'sBors. Arranged in fives. 

PBNTAK'nmous. Having five stamens. 

Pkntas'tichous. In five rows. 

Pb'po. An indehiscent fleshv fridt, with 
seeds borne on a parietal placenta, and 
with tlie epicarp more or less thick and 
hard. iS&, squash. 

Pbbkk'kial. Living many years. 

PsBPior (flowers). Having stamens and 
pistUs. 

Pr'iahth. The calyx of a single flower ; 
ttie leaves of a flower when cahrx and 
corolla are not readily distinguishable. 

PsB'iGONa. Same as pwianth. 

PsKio'TiroTrs. Having the stamens in- 
serted upon the ovary. 

PBB'iffroMS. A fringe of teeth around 
the month of a sporange. 

PKKSiamrr. Bemalning beyond the usual 
period. 

Pebsistbut (floral whorls). Bemalning 
tin the fruit is mature. 

Pbt'ai. a lobe of the ooroDa. 

Pbt'aloid. Like a petal 

Pst'iolb. a leaf-stalk. 

P&TLLOTAx'zf. Leafairangemcnt. 



Pn.'mri. Aeap; iheheadof aftmgus. 

PiN'irA (pL, FtnvMy. One leaflet of a pin- 
nate leai; or branch of a compound pin- 
nate leaC 

Pnr'Nuui. A subdivision of a pinna. 

Pis'tillati. Having a plstU, but no 
stamens. 

PUTiLun'iA, or Pib'tillids. Organs in 
crypto gam ons ija n ts^ answ ering to tlM 

Plaokm'ta (pi., Plaoknt^). Tliat part 
of tiie ovary which bears the ovules. 

"PhJj'uujM. The first bud of a young 
plant 

PoT/uDf. Tie powder contained in the 
anther. 

PoLLnr'iA. Pollen-grains cohering in 



Poltadbl'phous. Having the filaments 
)wn together in three or more bun- 



growi 
dies. 



Poltak'dbous. Having more than 12 

stamens. 
PoLTOOTTLXD'oiroirs. Having seed with 

two or more lobes. 

PoLTO'AMOirs. Having male, female, and 
hermaphrodite flowers on the same 
plant 

Polthbd'bio. Many-sided. 

PoLTPR'ALOirs. Having the petals dis- 
tinct 

Poi.TBBP'Ai.oir8. Having the sepals dis- 
tinct 



fleshy, Indehiscent, many- 
, wim tough endocarp, and 



Pom. A 
celled flruit i 

enclosed by the calyx-tube. £&.^ ap- 
ple. 

Po'BOUS. Having pores or holes. 

PB.srLomATioN. (See .^stivatiow.) 

Pbi'miks. The outer sac of an ovule. 

PiossN'oHTXA. Fibrous tissue having 

cells with tapering extremities. 
PxoTnoniroOKOAHS (of flowers). Those 

which cover and nourish the stamens 

and pistil 
PmoTHAL'uvif, or Pbothallvb. The 

leaf-Uke body into which the spore of 

a fern expands. 
Pbo'toplasm. a mucilaginous substance 

spread on the inside of cell-walls. 
Pimn'cxirT. Having fine, short hairs 

or down. 
Ptx'is. a pod which dehisces by the 

flOling off of a sort of Ud. 



Qin'irABT. Arranged in fives. 
QviNOinr'oiAL Pb^tlobation. {See 

PaJVLOKATIOir.) 
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Baok'mb. Ad ekmgftted flower-duAter. 

Ba'ckmosb. Growing in raoemes. 

Bagh'ib. Tlie axis of Beveral kinds of 
inflorescence. 

BAmmcuLA'CKA Belonging to the Ba- 
nimcalus order. 

Bahun'oulus. Buttercup. 

Bat Flobxts. The outer petal-like flo- 
rets of a flower-head. 

Bkosp'tacul The support of a flower. 

Bbduplioatb JEbtivation. {See Mem- 

VATION.) 

BBN'iroBM. Kidne}r-sh2^)ed. 

Brpboduotion, Okhanb or. Those owi- 
cerned in the production of the seed. 

Betio'ulatkd. Besembling net-work. 

Bha'phb. The c<Hinecti<»i between the 
base of the nucleus and the base of the 
ovule. 

Bhaph'idbs. Minute transparent crys- 
tals found in the tissues of plants. 



Sama'ba. a dry, indehfsomt frnft, tin- 
gle or in pairs, with winged apex or 
margin. 

Sap. The juice of plants. 

ScoB'pioiD. Curved like the scorpton^s 
taiL 

Sboitn'dinb The inner sac of an ovule. 

Sbp'al. a leaf; or part of the calyx. 

Sbptioi'dal Dbhis'csngb. When the 
ovary splits through the partitions <rf' 
the oissepiments. 

Sbptif'baqal Dbbiscenob. When the 
valves of the ovary &11 away, leaving 
the dissepiments behind. 

Bbs'silx. Directly issuing from stem or 
stalk. 

8b TA. The stalk of a sporange. 

Sio'moid. Curved in two directions, like 
the tetter S. 

Bi'LXX. Flint 

Sil'iclb. a short, broad slliqne. 

Sil'iqub. An oblong pod with two su- 
tures, and dissepiment between, having 
seeds on either side of the dissepiment 

SiMPLB (pistil). Consisting of only one 
carpel. 

SoLiTABT. Standing alone. 

SoEo'flis. A kind of multiple fruit ^., 



So'bus (pL, So'bi). a cluster of fhiit- 

dots on the fronds of ferns. 
Spikb. An elongated flower-cluster with 

sessile flowers. 
Spikelbt. a small spike; the inflores' 

cence of grasses. 
Spinous. Thorny. 



Spi'bal. Winding like the thread of s 
screw. 

Spon'giolbs. The termination of a rad- 
icle. 

Spobangb. Same as spore-case. 

Spobb. a grain in cryptogamous plants 
which performs the ftmctions of a seed. 

Sfobb-casb, or Spoba'hob. Cells con- 
taining the spores of ferns. 

Squa'mul^ or LoniouLB. Minute scates 
at the base of the ovary of grasses. 

Stam'dtatb. Having stamens, but no 
pistils. 

Stebilb. Not producing seed. 

SnPB. A stalk. 

Stip' rtATf. Having a stipe. 

Snp'iTLB. An appendage, like a leaf; sit- 
uated at the base of a leaf or petiole. 

Sto'ma (pL, Stoma'ta). Breathing-pores 
of leaves and other organs. 

Stbi'atbd. Grooved or channelled. 

Stbo'bilus. a kind of multiple fruit 
£aB^ pine-cones. 

Sttlb. The stem of the pistil next 
above the ovary. 

Sub'ulatb. Tapering Hke an awL 

Sotpertolu'tb .(Estivation. {See Esti- 
vation.) 

Suspended Ovulwi Hatglng perpen- 
diculariy from the summit of me ceH 

Su'tube. The seam formed by,the union 
of two margins in any part of a plant 

Syoo'nus. a kind of multiple fruit JSto., 
fig. 

Stmmet'bioal. Having the number of 
its parts of each sort equal, as five 
sepals, five petals, and five stamens. 

Stnpae'pous. Having ^e carpels con- 
nected. 

Stngene'sious. Having the anthers 
united. 



Tebminai. Belonging to the extremity. 

Tbb'naet. Arranged in threes. 

TetandeouS. Having four stamens. 

Tbtbadyn'amgus. Having four stamens, 
two long and two short. 

T^a'lamus. The receptacle of tjie flow- 
er, or the part of the peduncle into 
which tiie floral organs are inserted. 

Theoa. a case. 

To'Bus. Same as Thalamus. 

Tbanbvebsb. Crosswise. 

Tbian'dbous. Having three stamens. 

Tbi'mbbous. Arranged in threes. 

Tbis'tiohous. In three ranks. 

Tube'bgulatbp. Pimpled. 
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Um'bsl. a flower-chister baying the 
flower-stalks 8|»«ad moderately fh>in a 
oomihon p<^t, forming a plane or con- 
vex sor&oe above. 



Umbbluf'k 
umbels. 



Plants blos8<Niiing in 



U'TEiCLB. A kind of acheninm with 
thin, membranous pericarp, which is 
Bometimen dehiscent 



YxQ'TsmM. The collar or sheath at the 
base of a sp<muige-stalk. 

Yalvs. One of the parts into which a 
pericarp or an anther splits. 

Yal'tvlas. . After the manner of a 
▼aire. 

Yal'tulab (or Bboitlab) Dbhis'obkcb. 
Wlien the ovary splits into regular 
pieces called valves. 

Ybma'tion. The manner in which the 
veins are arranged in a lea£ 



Ybn'tbal. Belonging to the anterior 
part 

Ybbbkna'cbje. Plants of the Yerbena 
fhmily. 

Yb^bsatilb. Freely movable. 

Vbb TicAL. From top to bottom ; length- 
wise. 

Ybx'ii.labt JSsnvATioN. (6Sm .Esti- 
vation.) 

YiL'LOirs (suriSioe). Having very long, 
soft, erect strai^^t hairs. 

Yrr^TA The oil-sacs in the frnit of the 
UmbellifbnB. 

Yol'va. The outer wrappage of the 
young mushroom. 



Whobl. a rtaig of leaves, flowers, or 
other organs around a stem. 



Zo'ospoBB. A spore of certain water- 
plants which moves by means of vibra- 
tiledlia. 
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APPENDIX. 



ON THE EDUCATIONAL CLAIMS OF BOTANY. 

Thb present method of dealing with the subject of botanj 
is the outgrowth of a desire to gain certain advantages in 
general mental culture, which can be only obtained by making 
Nature a more dirf3ct and prominent object of study in primary 
education than is now done. I have thought it desirable to 
present the reasons which have led to its preparation more 
Ailly than would be suitable in an introduction, and therefore 
place them at the close of the work. 

The subject of mind has various aspects ; that in which 
the teacher is chiefly concerned is its aspect of growth. I 
propose to consider the subject from this point of view ; to 
state, first, some of the essential conditions of mental unfold- 
ing ; then to show in what respects the prevailing school cul- 
ture fails to conform to them ; and, lastly, to point out how 
the subject of Botany, when properly pursued, is eminently 
suited to develop those forms of mental activity, the neglect of 
which is now the fimdam^ital deficiency of popular education. 

Mind is a manifestation of life ; and mental growth is de- 
pendent upon bodily growth. In fact, these operations not 
only proceed together, but are governed by the same laws. 
As body, however, is something more tangible and definite 
than mind, and as material changes are more easily appre- 
hended than mental changes, it will be desirable to glance first 
at what takes place in the growth of the body. 

I. — ^HOW THE BODY GBOWS. 

All living beings commence as germs. The germ is a little 
portion of matter that is uniform throughout, and is hence said 
to be TwmogeTieouB,* 

^ In the following Btatement two or three words win occor with whlck 
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The beginning of growth is a change in tne germ, by 
which it is separated into unlike parts. One portion becomes 
different from the rest, or is differentiated from it ; and then it 
is itself still further changed or differentiated into more unlike 
parts. In this way, from the diffused uniform mass, various 
tissues, structures, and organs gradually arise, which, in the 
course of growth, constantly become more diverse, complex, 
and heterogeneotu. But, accompanying these changes, there is 
also a tendency to unity. It is by the assimilation of like 
with like that differences arise. Nourishment is drawn in 
from without, and then each part attracts to itself the particles 
that are like itself Bone material is incorporated with bone, 
and nerve material with nerve; so that each different part 
arises from the grouping together of similar constituents. Tliis 
tendency to unity, by which each part is produced, and by 
which all the parts are wrought together into a mutually de- 
pendent whole, is termed integration; and the combined ope- 
rations by which development is carried on constitute what is 
now known as Evolution, 

At birth, bodily development has been carried so far that 
the infant is capable of leading an independent life. Mental 
growth commences when the little creature begins to be acted 
upon by external agencies. An already-growing mechanism 
takes on a new kind of action in new circumstances, and body 
and mind now grow together. The development of mind de- 
pends upon certain properties of nervous matter by whicfi it 
is capable of receiving, retaining, and combining impressions. 
An organism has been thus prepared, upon which the sur- 
rounding universe takes effect, and the growth of mind con- 
sists in the development of an internal consciousness in 
correspondence to the external orda* of the world. 

XL — ^HOW THE MIND GROWS. 

At birth we say the infant hnows nothing ; that is, it recog- 
nizes no thing. Though the senses produce perfect impres- 

■ome readere may be nnfomiliar. But more precise thonghts require mor« 
precise terms to mark them ; and, as these terms are now established, theii 
ase here is admissible as well as adyantageoas. 
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iiims from the first, yet these impressions are not distinguished 
from each other. This vague, indefinite, homogeneous sensi- 
bility or feeling may be called the germ-state of mind. As 
bodily growth begins in a change of the material germ, so 
mental growth begins in a change of feeling. This change of 
feeling is due to a change of external impressions upon the 
infant organism. Were there no changes of impression upon 
us, there could never be changes of feeling within us, and 
hnowing would be impossible. If, for example, there were 
never an alteration of temperature, and a.resulting change of 
impressions upon the nerves, we should be forever prevented 
from knowing any thing of heat. The first dawn of intelli- 
gence consists in changes of feeling by which differences begin 
to be recognized. Mind commences in this perception of dif- 
ferences ; it cannot be said that we know any thing of itself 
but only the differences between it and other things. And, as 
in bodily growth, so in mental growth, there is an assimilation 
of like with like, or a process of integration. From the very 
first, along with the perception of difference, there has been 
also a perception of likeness. The clock-stroke, when first 
heard, is felt simply as an impression differing from others that 
precede and succeed it in the consciousness ; but, when heard 
again, not only is there this recognition of difference, but it is 
perceived as lilce the cloek-stroke which preceded it. This 
second impression is assimilated to the first, and, when a third 
arises, it also coalesces with the former like impressions. And 
so of all other sights, sounds, and touches. Under the influ- 
ence of constant changes of impression, and a constant assimi- 
lation of like with like, there arise, at first vague, and then dia- 
tiuct unlikenesses among the feelings ; that is, sights begin to 
be distinguished from sounds, and sounds from touches, while, 
at the same time, differences begin to be perceived among the 
impressions of each sense. In this way, the consciousness, at 
first homogeneous, grows into diversity, or becomes more hetero- 
ge)ieou8y while its separated or differentiated parts are termed 
ideas. 

Let us look into this a little more closely. When an infant 
opens its eyes for the first time upon the flame of a candle, foi 
13 
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example, an imag« is formed, an impression produced, and 
there is a change of feeling. But the flame is not known, be- 
cause there is as yet no tdea. The trace left by the first im- 
pression is so faint that, when the light is removed, it is not 
remembered ; that is, it has not yet become a mental posses- 
iion. As the light, however, flashes into its eyes a great many 
times in a few weeks, each new impression is added to the 
trace of former impressions left in the nervous >matter, and 
thus the impression deepens, until it becomes so strong as to 
remain when the candle is withdrawn. The idea therefore 
grows by exactly the same process as a bone grows ; that is, 
by the successive incorporation of like with like. By the in- 
tegration of a long series of similar impressions, one portion of 
consciousness thus becomes differentiated from the rest, and 
there emerges the idea of the flame. Time and repetition are 
therefore the indispensable conditions of the process.*" 

Now, when the candle is brought, the child recognizes or 
knows it; that is, it perceives it to be like the whole series 
of impressions of the candle-flame formerly experienced. It 
knows it because the impression produced agrees with the idea. 
In this way, by numerous repetitions of impressions, the child's 
first ideas arise ; and, in this way, all objects are known. We 
know things, because, when we see, hear, touch, or taste them, 
the present impression spontaneously blends with like impres- 
sions before experienced. We know or recognize an external 
object not by the single impression it produces, but because 



• " The Bingle taste of sagar, by repetition, impresses the mind more and 
more, and, by this circumstance, becomes gradually easier to retain in idea. 
The smell of a rose, in like manner, after a thousand repetitions, comes much 
nearer to an independent ideal persistence than after twenty repetitions. So 
it is with all the senses, high and low. Apart altogether fh)m the association 
of two or more distinct sensations, in a group or in a train, there is a fixing 
process going on with every individual sensation, rendering it more easy to 
retain when the original has passed away, and more vivid when by means of 
association it is afterward reproduced. This is one great part of the educa* 
tion of the senses. The simplest impression that can be made of taste, smell, 
touch, hearing, sight, needs repetition in order to endure of its own accord ; 
even in the most persistent sense— the sense of seeing— the impressions on 
the infiint mind that do not stir a strong feeling will vaniah as soon as tht 
eve is turned some other w&y.^^— Professor Baiti. 
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that impression reyives a whole train or group of previous dis- 
criminations that are like or related to it ; while the number 
of those that are called up is the measure of our intelligence 
regarding it. If something is seen, heard, felt, or tasted, 
which links itself to no kindred idea, we say " we do not know 
it ; " if it partially agrees with an idea, or revives a few dis- 
criminations, we know something about it, and the completei 
the agreement the more perfect the knowledge. 

As to know a thing is to perceive its differences /r<wi othei 
things, and its likeness to other things, it is therefore strictly 
an act of classing. This is involved in every act of thought, 
for to recognize a thing is to classify its impression or idea 
with previous states of feeling. Classification, in all its aspects 
and applications, is but the putting together of things that are 
alike— the grouping of objects by their resemblances; and as 
to know a thing is to know that it is this or tJiat, to know 
what it is like and what it is unlike, we begin to classify as 
soon as we begin to think. When the child learns to know a 
tree, for example, he discriminates it from objects that differ 
from it, and identifies it with those that resemble it ; and this 
is simply to class it as a tree. When he becomes more intelli- 
gent regarding it — when, for instance, he sees that it is an elm 
or an apple-tree — ^he simply perceives a larger number of char- 
acters of likeness and difierence. 

/^^ow our degrees of knowledge resolve themselves into 
successive classifications has been well illustrated by Herbert 
Spencer. He says: "The same object may, according as the 
~ distance or the degree of light permits, be identified as a 
particular negro; or, more generally, as a negro; or, more 
generally still, as a man ; or, yet more generally, as some liv- 
ing creature ; or most generally, as a solid body ; in each of 
which cases the implication is, that the present impression is 
like a certain order of past impressions." J 

In early infancy, when the mind is first making the ac- 
quaintance of outward things, mental growth consists essen- 
tially in the production of new ideas by repetition of sensa- 
tions, although such ideas never arise singly, but are always 
li/^ked together in their origin. But, when a stock of ideas 
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has been formed in this manner, the mental growth is mainly 
carried forward by new eomb^inatiom among them. The sim- 
pler ideas once acquired, the development of intelligence con- 
sists largely in associating them in new relations and grotips 
of relations. The perception of likeness and difference is the 
essential work that is going on all the time, but the compari* 
Bons and discriminations are constantly becoming more exten- 
sive, more minute, and more accurate. A number of elemen- 
tary ideas thus become, as it were, fused or consolidated into 
one complex idea ; and, by a still further recognition of like- 
ness and diiference, this is classed with a new group, and this 
again mth still larger clusters of associated ideas. 

The conception of an orange, for example, is compounded 
of the elementary notions of color, form, size, roughness, re- 
sistance, weight, odor, and taste. These elements are all 
bound up in one complex idea. The idea of an apple, a pear, a 
peach, or a plum, is in each case made up of a diiOferent group 
of component ideas, while the notion of a basket of different 
fruits is a cluster of these groups of still higher complexity, 
but still represented in thought as one complex idea, the ele- 
ments of which are united by the relations of contrast and 
resemblance. Or, again, the child may begin with a large, 
vague idea, as a tree, for example, and then, as intelligence 
concerning it progresses, he decomposes it into its component 
ideas, as trunk, branches, leaves, roots, and these into still mi- 
nuter parts. There is a growing mental heterogeneity through 
the increasing perception of likeness and difference. Thus, as 
soon as ideas are formed, they begin to be used over and over, 
and this process is ever continued.* f An old idea in a new re- 
lation or grouping has a new meaniiig^ becomes a new fact or 



* Onr reason consists in nsing an old fact in new circamstances, tbrongh 
the power of discerning tlie agreement ; this is a vast saving of the labor ol 
acquisition ; a reduction of the namber of ori^ruial growths requisite for onr 
education. When we have any thing new to learn, as a new piece of music, 
or a new proposition in Euclid, we fall back upon our previously-formed com- 
binations, musical or geometrical, so far as they will apply, and merely tack 
certain of them together in correspondence with the new case. The method 
of acquiring bv patch-work sets in early, and predominates increasingly.— 
Bain. 
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a new truth. The perception of new resemblances and of new 
differences gives rise to new groupings and new classings of 
ideas, and thus the mind grows into a complex and highly- 
differentiated organism of intelligence, in which the internal 
order of thoGght-relations answers to the external order of re- 
lations among things. ) 

That which occurs at this earliest stage of mental growth 
is exactly what takes place in the whole course of imfolding in- 
telligence. Simple as these operations may seem, and begun 
by the infant as soon as it is bom, in their growing complexi- 
ties, they constitute the whole fabric of the intellect. What 
we term the " mental faculties " are not the ultimate elements 
of mind, but only different modes of the mental activity ; and, 
as one law of growth evolves all the various organs and tis- 
sues of the bodily structure, so one law of growth evolves all 
the diversified "faculties" of the mental structure. Under 
psychological analysis, the operations of reason, judgment, 
imagination, calculation, and the acquisitions of the most 
advanced minds yield at last the same simple elements — 
the perceptions of likenesses and differences among things 
thought about; while memory is simply the power of re- 
viving these distinctions in consciousness. Whatever the \ 
object of thought, to know in what respects it differs ( 
from all other things, and in what respects it resembles ^ 
them, is to know all about it — is to exhaust the action ( 
of the intellect upon it. The way the child gets its early 
knowledge is the way all real knowledge is obtained. When 
it discovers the likeness between sugar, cake, and certain 
fruits, that is, when it integrates them in thought as sweety 
it is making just such an induction as Newton made in 
discovering the law of gravitation, which was but to dis- 
cover the likeness among celestial and terrestrial motions. 
And as with physical objects, so also with human actions. 
The child may run around the house and play with its toys ; 
it must not break things or play with the fire. Here, again, 
are relations of likeness and unlikeness, forming a basis 
of moral classification. The judge on the bench is con- 
stantly doing the same thing ; that is, tracing out the like 
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nesses of given actions, and classing them as right of 
wrong.* 

Having thus formed some idea of how mental growth 
takes place, let us now roughly note how far it proceeds in 
the first three or four years of childhood. 

ni. — EXTENT OF EARLY MENTAL GROWTH. 

From the hour of birth, through all the waking moments, 
there pour in through the eye ever- varying impi'essions of light 
and color, from the dimness of twilight to the utmost solar 
refulgence, which are reproduced as a highly-diversified lumi- 
nous consciousness. Impressions of sound of all qualities and 
intensities, loud and faint, shrill and dull, harsh and musical, 
in endless succession, enter the ear, and give rise to a varied 
auditory consciousness. Ever-changing contrasts of touch 
acquaint the mind with hard things and soft, light and heavy, 
rough and smooth, round, angular, brittle, and flexible, and 
are wrought into a knowledge of things within reach. And 
so, also, with the senses of taste and smell. This multitude 
of contrasted impressions, representing the endless diversity 
of the surrounding world, has been organized into a connected 
and coherent body of knowledge. 

After two or three years the face that was at first blank 
becomes bright with the light of numberless recognitions. 
The child knows all the common objects of the house, the 
garden, and the street, and it not only knows them apart, but 
it has extended its discriminations of likeness and difference 
to a great many of their characters. It has found out about 
diflTerences and resemblances of form, size, color, weight, trans- 
parency, plasticity, toughness, brittleness, fluidity, warmth^ 
taste, and various other properties of the solid and liquid sub- 



♦ To those who caFe to pursue this Important subject of mental growth, 
which Is here harclly more than hinted at, I would recommend the " Princi- 
ples of Psychology," by Mr. Herbert Spencer, now being published in parts 
by D. Appleton & Co. Mr. Spencer considers mind from the point of view of 
EvolutUm, and his work is, beyond doubt, the most Important contribution to 
this aspect of psychological science that liag yet been made. £ hare to ac- 
knowledge my own indebtedness to IL 
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stances of which it has had experience. It has noted pecnli* 
arities among many animals and plants, and the distinctions, 
traits, and hahits of persons. 

Besides this, it has learned to associate names with its 
ideas ; it has acquired a language. The number of words it 
uses to express things and actions, and qualities, degrees, and 
relations, among these things and actions, shows the extent to 
which its discriminations have been carried. Groups of ideas 
are integrated into trains of thought, and words into corre- 
sponding trains of sentences to communicate them. Nor is 
this all. There is still another order of acquisitions in which 
the child has made remarkable proficiency. The infant is 
endowed with a spontaneous activity: it moves, struggles, 
and throws about its limbs as soon as it is bom. But its 
actions are at first aimless and confused. As it knows nothing, 
of course, it can do nothing; but, with the growth of dis- 
tinct ideas and feeling, there is also a growth of special move- 
ments in connection with them. It has to find out by innu- 
merable trials how to creep, to walk, to hold things, and to 
feed itself. To see an object and to be able to seize it, or to 
go and get it, result from an adjustment of visual impres- 
sions with muscular movements, which it has taken thousands 
of experiments to bring under control. The vocal apparatus 
has been brought under such marvellous command that hun- 
dreds of different words rtre uttered, each requiring a differ- 
ent combination of movements of the chest, larynx, tongue, 
and lips. Numerous aptitudes and dexterities are achieved, 
and, when stimulated by curiosity, it examines its toy and 
breaks it open to find ** what makes it go," it has entered upon 
a career of active experiment, as truly aa the man of science in 
his laboratory. 

IV. — NATUBB^S EDUCATIONAL METHOD. 

Such is Nature's method of education, and such its earliest 
results. Human beings are bom into a world of stubborn 
realities; of laws that are fraught with life and death in 
their inflexible course. What the new-bom creature shall be 
taught is too important to be left to any contingency, and so 



Digitized by VjOOQ IC 



294 THE EDUCATIONAL CTJlIMS OP BOX ANT. 

Nature takes in hand the early training of the whole human 
race, and secures that rudimentary knowledge of the proper- 
ties of things which is alike indispensable to all. It is, how* 
ever, only the dbyious characters and simpler relations of 
objects which are thrust conspicuously upon the attention 
that are recognized in childhood. But the method of bringing 
out mind has been established. Nature^s early tuition has 
given shape to the mental constitution, and determined the con- 
ditions and order of its future development. The child is sent 
to school — the school of experience — as soon as it is bom, and 
Nature's method of leading out the intelligence is that of 
growth. She roots mental activity in organic processes, and 
thus timeB the rate of acquisition to the march of organic 
changes. She is never in haste, but always at work ; never 
crams, but ever repeats, assimilates, and organizes. Her policy 
of producing vast effects by simple means is not departed from 
in the realm of mind ; indeed, it is more marvellous here than 
anywhere else. While the organic world is made up almost en- 
tirely of but four chemical elements, the intellectual world is 
constituted wholly of but two ultimate elements, the percep- 
tion of likeness and the perception of difference among ob- 
jects of thought. These elements are wrought into the mental 
constitution through the direct observation and experience of 
things. Mind is called forth by the spontaneous interaction 
of the growing organism and the agencies and objects of sur- 
roimding Nature. 

The school-period at length arrives, and Art comes forward 
to assume the direction of processes that Nature has thus 
far conducted. But her course is plainly mapped out; 
the work begun is to be continued. New helps and re- 
sources may be needed, but the end and the essential means 
should be the same. Mental growth is to be carried by cul- 
tivation to still higher stages, but by the same processes 
liitherto employed. The discriminations of likeness and dif- 
ference by which all things are known, the comparison, classi- 
fication, and association of ideas in which knowledge arises, 
are to become more accurate, more extensive, and moie sys- 
tematic. To do this the mind is to be maintained in living 
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contact with the realities which environ it, but which are now 
to be regularly studied. We have here the clear criterion by 
which educational systems must be judged ; how does the pre- 
vailing practice answer to the test ? 

V. — DEFICIENCY OP EXISTING SCHOOL-METHODS. 

Nothing is more obvious than that the child's entrance 
upon school-life, instead of being the wise continuation of pro- 
cesses already begun, is usually an abrupt transition to a new, 
artificial, and totally different sphere of mental experience. 
Although, in the previous period, it has learned more than it 
ever will again in the same time, and learned it according to 
the fundamental laws of growing intelligence, yet the current 
notion is, that education legins with the child's entrance upon 
school-life. How erroneous this is we have sufficiently seen. 
That which does begin at this time is not education^ but simply 
the acquirement of new helps to it. The first thing at school 
is usually the study of words, spelling, reading, and writing — 
that is, to get the use of written language. This is, of course, 
important and indispensable. To be able to accumulate, com- 
pare, arrange, and preserve ideas, and put them to their largest 
uses, it is necessary to mark them. "Words are these marks or 
signs of ideas, and, as such, have an inestimable value. Words, 
as the marks of ideas, are the representatives of knowledge, 
and books which contain them become the invaluable de- 
positories of the world's accumulating thought. It is ex- 
actly because of their great importance and their intimate 
relations to our intellectual life, that we should be always 
vividly conscious of their exact nature and office. 

But words are not ideas, they are only the symboU of ideas; 
language is not knowledge, but the representative of it. Labels 
have a value of convenience, which depends upon the intrin- 
sic value of what they point out. Now, there is a constant 
and insidious tendency in education to invert these relations — 
to exalt the husk above its contents, the tools above their work, 
the label above its object, words above the things for which 
they stand. The meam of culture thus become the ends of 
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coltore, and education is emptied of its sulwtantial purpose. 
In the lower institutions, while tlie acquisition and organiza- 
tion of ideas in which education really consists are neglected; 
to spell accurately, to read fluently, to define promptly, and to 
write neatly, are the ideals of school-room accomplishment In 
the higher institutions, this ideal expands into the proficient 
command of a multitude of words, and skill in the arts of ex- 
pression, so that the student piles language upon language 
until he has tagged half a dozen labels to each of his scanty, 
and ill-conceived ideas. 

The glaring deficiency of our popular systems of instruc- 
tion is, that words are not subordinated to their real purposes, 
but are permitted to usurp that supreme attention which 
should be given to the formation of ideas by the study of 
things. It is at this point that true mental growth is checked, 
and the minds of children are switched off" from the main line of 
natural development into a course of artificial acquisition, in 
which the semblance of knowledge takes the place of the real- 
ity of knowledge. 

We have seen that the growth of mind results from the 
exercise of its powers upon the direct objects of experience, 
and consists in its recognition of distinctions among the prop- 
erties and relations of things, and in the classing and organ- 
ization of ideas thus acquired. These operations can be 
facilitated by the use of words and books, but only when the 
ideas themselves are first clearly conceived as the accurate 
representations of things. But the ordinary word-studies of 
our schools, which are truly designed to assist these opera- 
tions, are actually made to exclude them. The child glides 
into the habit of accepting words for ideas, and thus evades 
those mental actions which are only to be performed upon the 
ideas themselves. 

The existing systems of instruction are therefore deficient, 
by making no adequate provision for cultivating the growth 
of ideas by the exercise of the observing powers of children. 
Observation, the capacity of recognizing distinctions, and of 
being mentally alive to the objects and actions around us, if 
only to be acquired by practice, and therefore requires to be- 
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come a regular and habitual mental exercise, and to haye a 
fundamental place in education. 

The importance of training the young mind to habits of 
correct observation, to form judgments of things noted, and 
to describe correctly the results of observation, can hardly be 
over-estimated. It has been well remarked that, "without 
an accurate acquaintance with the visible and tangible proper- 
ties of things, our conceptions must be erroneous, our infer- 
ences fallacious, and our operations unsuccessful. The educa- 
tion of the senses neglected, all after-education partakes of a 
drowsiness, a haziness, an insufficiency, which it is impossible 
to cure. Indeed, if we consider it, we shall find that exhaust- 
ive observation is an element of all great success. It is not to 
artists, naturalists, and men of science only, that it is needful ; 
it is not only that the skilful physician depends on it for the 
correctness of his diagnosis, and that to the good engineer it 
is so important, that some years in the workshop are prescribed 
for him ; but we may see that the philosopher also is funda- 
mentally one who observes relationships of things which others 
had overlooked, and that the poet, too, is one who sees the fine 
facts in Nature which all recognize when pointed out, but did 
not before remark. Nothing requires more to be insisted on 
than that vivid and complete impressions are all-essential. 
No sound fabric of wisdom can be woven out of a rotten, raw 
material." 

It needs hardly to be repeated that observation is the start- 
ing-point of knowledge, and the basis of judgment and induc- 
tive reasoning. In the chaos of opinions among men, the con- 
flicts are usually on the data, which have not been observed 
with sufficient care. Dispute is endless until the facts are 
known, and, when this happens, dispute is generally ended. 
Dr. CuUen, long ago, remarked : " There are more fahe facta 
in the world than false hypotheses to explain them ; there is, 
in truth, nothing that men seem to admit so lightly as an 
asserted fact." 

Children should, therefore, be taught to see for themselves^ 
and to think for themselves on the basis of what they have 
Been. In this way only can they learn to weigh the true value 
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of eyidence, and to guard against that carelessness of assump- 
tion and that credulous confidence in the loose statements 
of others, which is one of the gross mental deficiencies we 
everyTvthere encounter. This is one of the rights of the under- 
standing too little respected in the school-room. Instead of 
being called into independent activity, children's minds are 
rather repressed by authority. In the whole system of word- 
teaching the statements have to be taken on trust. " This is the 
rule,'' and ^^that the usage,'' and the say-so of book and teacher 
is final. Granted that much, at any rate, in education is to be 
accepted on authority, it is all the more necessary that there 
should be, in some departments, such an assiduous cultiyation 
of personal obseryation and independent judgment as may 
serve to guard against errors from this source. 

It may be said that arithmetic forms an exception to what 
is here stated respecting the prevalence of authority in schools, 
as its operations are capable of independent proof This is 
true, but the exception is of such a nature that it cannot serve 
as a correction; for it reasons not from observed facts, but from 
assumed numerical data. Mathematics, says Prof. Huxley, ** is 
that study which knows nothing of observation, nothing of 
induction, nothing of experiment, nothing of causation.** 

The foregoing strictures, I am aware, have a variable appli- 
cability to different schools. Many teachers are alive to these 
evils, and strive in various ways to mitigate them ; but the 
statement, nevertheless, holds sadly true in its general applica- 
tion. There is a radical deficiency of existing educational 
methods which cannot be supplied by the mere make-shift in- 
genuity of instructors, but requires some systematic and effec- 
tual measure of relief 

VI. — WHAT IS NOW MOST NEEDED. 

To supply this unquestionable deficiency, we should de- 
mand the introduction into primary education, in addition to 
reading, writing, and arithmetic, of A fourth fundamental 

BBANCn OP STUDY, WHICH SHALL AFFORD A SYSTEMATIC TRAIN- 
ING OF THE OBSERVING POWERS. We are entitled to require 
that, when the child enters school, it shall not take leave of the 
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aniverse of fact and law, but that its mind shall be kept in 
intimate relation with Nature in some one of her great divis- 
ions, and that the knowledge acquired, shall be actual and 
thorough, and suited to call out those operations which are 
essential to higher mental growth. It is agreed by many of the 
ablest thinkers that such an element of mental training is now 
the urgent want of general education. Dr. Whewell thus de- 
fines the present need : 

'* One obvious mode of effecting tliis discipline of the mind is tho 
exact and solid study of some portion of inductive knowledge. . . . 
botany, comparative anatomy, geology, chemistry, for instance. But I 
say, the exact and tolid knowledge ; not a mere verbal knowledge, but • 
knowledge which is real in its character, though it may be elementary 
and limited in its extent. The knowledge of which I speak must be a 
knowledge of things, and not merely of names of things ; an acquaint- 
ance with the operations and productions of Nature as they appear to 
the eye ; not merely an acquaintance with what has been said about 
them ; a knowledge of the laws of Nature, seen in special experiments 
and observations before they are conceived in general terms ; a knowl- 
edge of the types of natural forms, gathered from individual cases 
already familiar. By such study of one or more departments of induc- 
tive knowledge, the mind may escape from the thraldom and illusion 
which reigns in the world of mere words." 

The increasing influence of science over the course of 
the world's afl*airs is undeniable. Not only has it already 
become a controlling force in civilization, but it is steadily 
invading the higher spheres of thought, and, by its constant 
revisions and extensions of knowledge, it is rapidly reshaping 
the opinion of the world. That such an agency is destined to 
exert a powerful influence upon the culture of the human 
mind, is inevitable. Already, indeed, it has become a recog- 
nized element of general instruction,^but it has been pursued 
in such a fragmentary and incoherent way, that its legitimate 
mental influence is far from having been realized. The im- 
mediate problem, then, is how to organize the scientific ele- 
ment of study so as to gain its benefits, as a mental discipline. 
Each of the prominent sciences — physics, chemistry, geology, 
botany — has its special advantages, and is entitled to a place 
in a liberal course of study. But some one must be selected 
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which is best fitted to be generally introduced into primary 
schools. The work must begin here, if it is to be thoroughly 
done. 

The system of teaching by object-lessons is an attempt to 
meet the present requirement in the sphere of primary educa- 
tion. But these efforts have been rather well-intentioned grop- 
ings after a desirable result than satisfactory realizations of it 
The method is theoretically correct, and some benefit cannot 
fail to have resulted ; but the practice has proved incoherent, 
desultory, and totally insufficient as a training of the observing 
powers. Nor can this be otherwise so long as all sorts of ob- 
jects are made to serve as " lessons," while the exercises con- 
sist merely in learning a few obvious and unrelated characters. 
Although, in infancy, objects are presented at random, yet, if 
mental growth is to be definitely directed, they must be present- 
ed in relation. A lesson one day on a bone, the next on a piece 
of lead, and the next on a flower, may be excellent for impart- 
ing " information," but the lack of relation among these ob- 
jects unfits them to be employed for developing connected and 
dependent thought. This teaching can be thoroughly success- 
ful only where the " objects " studied are connected together in 
a large, complex whole, as a part of the order of Nature. The 
elementary details must be such as children can readily appre- 
hend, while the characters and relations are so varied and nu- 
merous as to permit an extended course of acquisition issuing 
in a large body of scientific principles. Only in a field so broad 
and inexhaustible as to give play-to the mental activities in 
their continuous expansion can object-studies have that real 
disciplinary influence which is now so desirable an element of 
popular education. 

What we most urgently need is an objective course of 
study which shall train the observing powers as mathematia 
trains the power of calculation. From the time the child be- 
gins to count, until the man has mastered the calculus, there 
is provided an unbroken series of exercises of ever-increasing 
complexity, suited to unfold the mathematical faculty. We 
want a parallel course of objective exercises, not to be dis- 
patched in a term or a year, but running through the whole 
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period of education, which shall give the observiug and induc- 
tive faculties a corresponding continuous and systematic un- 
folding. What subject is best fitted for this purpose ? 

Vn. — ADVANTAGES OFFERED BY BOTAITY. 

The largest number of advantages for the purpose we have 
hi view will be found combined in that branch of natural his- 
tory which treats of the vegetable kingdom. "While each of 
the sciences has its special claim as a subject of study, it is 
thought that none of them can compare with Botany in ftil- 
fiUing the various conditions now indicated, and which entitle 
it to take a regular and fundamental place in oiu: scheme of 
common-school instruction. Its prominent claims are : 

L The materials furnished by the vegetable kingdom for 
direct observation and practical study are abundant, and easily 
accessible, overhead, underfoot, and all around — ^grass, weeds, 
flowers, trees — open and common to everybody. There is 
no expense, as in experimental science. And, in meeting this 
fundamental condition of a universal objective study, it may 
be claimed that Botany is without a rival. 

IL The collection of specimens may be carried on as regu- 
larly as any other school-exercise, while they are just as suit- 
able objects upon the scholar's desk as the books themselves. 
They cannot interfere with the order and propriety of the 
class-room. 

ni. The elementary facts of Botany are so simple, that their 
study can be commenced in early childhood, and so numerous 
as to sustain a prolonged course of observation. The characters 
of plants which engage attention at this period of acquisition 
are external, requiring neither magnifying-glass nor dissecting- 
knife to find them. 

IV. From these rudimentary facts the pupil may proceed 
gradually to the more complex, from the concrete to the ab- 
stract — ^from observations to the truths'that rest upon observa- 
tion, in a natural order of ascent, as required by the laws of 
mental growth. If properly commenced, the study may be 
stopped at any stage, and the advantages gained are substan- 
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lial and yaluable, while, at the same time, it is capable of task- 
ing the highest intelligence through a lifetime of study. 

y. The means are thus furnished for organizing object- 
teaching into a systematic method, so that it may be pursued 
definitely and constantly through a course of snccessiyely 
higher and more comprehensive exercises. 

YI. Botany is unriyalled in the scope it offers to the culti* 
ration of the descriptiye powers, as its yocabulary is more co- 
pious, precise, and well-settled than that of any other of the 
natural sciences. ) Upon this point — most important in its edu- 
cational aspect^Prof Arthur Henfrey has well remarked : 

** The technical language of Botany, as elaborated by LinnieuB and 
his school, has long been the admiration of logical and philosophioal 
writers, and has been carried to great perfection. Every word has its 
definition, and can convey one notion to those who have once mastered 
the Iftnguage. The technicalities, therefore, of botanical language, 
which are vulgarly regarded as imperfections, and as repulsive to the 
inquirer, are, in reality, the very marks of its completeness, and, far 
from offering a reason for withholding the science from ordinary educa- 
tion, constitute its great recommendation as a method of training in 
accuracy of expression and Iiabits of describing definitely and unequivo- 
cally the observations made by the senses. The acquisition of the terms 
applied to the diflferent parts of plants exercises the memory, while the 
mastery of the use of the adjectives of terminology cultivates, in a most 
beneficial manner, a habit of accuracy and perspicuity in the use of 
language." 

Botanical language is the most perfect that is applied to 
the description of external nature, but its accuracy is not the 
accuracy of geometry, the terms of which call up the same 
sharply-defined invariable conceptions. But the characters of 
natural objects are not such rigid and exact repetitions of each 
other. Nature is constantly varying her types. The applica- 
tion of botanical terms is, therefore, not a mere mechanical act 
of the mind, but involves the exercise of jtidgment. 

Vn. It is congenial with the pleasurable activity of child- 
hood, and makes that activity subservient to mental ends. 
It enforces rambles and excursions in quest of specimens, 
and thus tends to relieve the sedentary confinement of the 
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•chool-room, and to promote health by moderate open-air 
exercise. 

VnL The knowledge it imparts has a practical value in 
yarioos important directions. It is indispensable to the intel- 
ligent pursuit of agriculture and horticulture — avocations in 
which more people are occupied and interested than in all 
others put together. 

IX. The study of plant-forms opens to us a world of grace, 
harmony, and beauty, that is not without influence upon the 
aesthetic feelings, and the appreciation of art. Intimately in- 
volved as is the vegetable kingdom with the ever-changing 
aspects of Nature, it is well fitted to attract the mind to the 
fine features of scenery, and the grand eflects of the natural 
world. 

X Knowledge of this subject is a source of pure and un- 
failing personal enjoyment. Its objects constantly invite atten- 
tion, and vary more or less with each locality, so that the 
botanical student is always at home, and is always solicited by 
something fresh and attractive; 

XL The pursuit of Botany to its finer facts and subtler reve- 
lations involves the mastery of the microscope— one of the most 
delicate and powerful of all instruments of observation. / It 
also opens the field of experiment, and affords opportunity for 
cultivating manipulatory processes, j 

Xn. Notwithstanding the superficial prejudice against Bot- 
any, as a kind of light, fancy subject, dealing with flowers — an 
" accomplishment" of girls — it is nevertheless a solid and noble 
branch of knowledge. It has intimate connections with all the 
other sciences — physics, chemistry, geology, meterology, and 
physical geography — helps them all, and is helped by all. /It 
treats of the phenomena of organization, and is the proper in- 
troduction to the great subject of Biology — the science of the 
general laws of life. 

These considerations show that, for the purpose we have in 
view — the introduction of a subject into education which shall 
extend through all its grades, and afford a methodical disci- 
pline in the study of things — ^Botany has eminent, if not unri' 
railed claims to the attention of educators. 
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Tin. — DEFECTS OP COMMON BOTANICAL STUDY. 

But the benefits here sought are not to be gained by ths 
usual way of dealing with the subject For this end it must 
be puisucd by the direct study of its objects, and in a definite 
order. The concrete and elementary characters of plants must 
be made familiar before the truths based ujmu them can 
become real mental possessions. The common method of 
acquiring Botany, in its restUts, that is, by going at once to 
its general principles, is hence peculiarly futile for purposes of 
education. The mere reading up of vegetable physiology is 
no better than getting any other second-hand information. To 
learn a number of hard botanical terms without really know- 
ing what they represent, or to con over classifications that are 
equally void of significance, is much the same as any other 
verbal cramming. The objection to ordinary botanical study is, 
not that the books do not tell the pupil a great many interesting 
and useful things about plants, but that he studies it as he 
does ancient history, treating its objects as if they had all gone 
to dust thousands of years ago. 

Besides, that which goes under the name in many of our 
schools is not Botany in any true sense ; it is only a branch of it. 
In the early part of the century, the subject had become so 
overgrown with the mere pedantries of naming, that there 
came a reaction against systematic Botany, or the study of the 
relationships of plants, and some went so far as to insist that 
the whole science could be " evolved " by studying a single 
plant. Under the influence of this tendency, Botany became 
merged in the study of vegetable physiology to the neglect of 
its descriptive and relational elements. But it is now recog- 
nized that all parts of the science are intimately correlated, and 
that the inner relations of plants can only be well understood 
by first getting a knowledge of their outer relations. Never- 
theless, the tendency to sink it in mere physiology was strongly 
felt in education, which instinctively seized upon a view of 
the subject most easily got through books. But vegetable 
physiology is not Botany any more than the rule of three is 
arithmetic ; and to engage with the body of generalized truths, 
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which make up the higher parts of the science, before first 
mastering Descriptive Botany, is like attacking the higher 
problems of arithmetic before learning its simple rules. 

Nor is the case much helped by that casual inspection of 
specimens in which students sometimes indulge. To pick a 
flower to pieces now and then, or to identify a few plants 
by the aid of glossaries and analytical tables, and to press 
and label them, are, no doubt, useful operations, but they are 
fur from answering the educational purposes here contem- 
plated. 

IX. — AIMS OF THE PBESBNT METHOD. 

In the preparation of the present method, the end kept 
strictly in view has been to make it conform to the laws of 
mental growth. Although it attempts to make a beginning 
only, yet it claims to begin right — ^to teach Botany as it should 
be taught, and, in so doing, to cultivate systematically those 
parts of the mind which general education most neglects. Tt 
is adapted to these purposes in the following respects: 

In the first place it conforms to the method of Nature by 
making actual phenomena the objects of thought. It con- 
tinues the direct intercourse of the mind with things, by 
selecting that portion of the natural world which seems best 
adapted for the purpose, and providing for its direct and 
regular study. It is a merit of the plan that it permits no 
evasion of this purpose, but compels attention to the objects 
selected. There are no lessons to " commit and recite ; " the 
pupils proper work being to observe, distinguish, compare, 
and describe ; and thus, from the outset, he is exercising bis 
own faculties in the organization of real knowledge. 

In the second place, the present plan implies that habits 
of regular observation shall be commenced ea/rly. This is on 
various accounts a most important feature. The child should 
begin to be taught hoto to notice, and what to look for, be- 
cause it is already spontaneously engaged in the work, and 
needs guidance. While its mental life is (so to speak) external, 
and it hungers for changing impressions and new sensations, 
is certainly the time to foster and direct this activity. It ia 
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necessary to flimish abundant and yaried materials for simple 
observation in this impressible sensational stage of mental 
growth, when, as yet, only rudimentary details can be appre- 
ciated. At this time they can be rapidly acquired and easily 
remembered, while, as the mind advances to the reflective 
stage, unless the habit of observation has been formed, atten- 
tion to details becomes tedious and irksome. 

It is sometimes said that it is absurd to attempt teaching 
children " science " before twelve or fourteen years of age ; and, 
if it be meant the memorizing of the principles and results 
of science, the remark is true. But it is not true if applied to 
the early observation of those simple facts which lead up to 
scientific principles. Nature settles all that by putting chil- 
dren to the study of the properties of natural objects as soon 
as they are bom. The germ of science is involved in its 
earliest discriminations. When the child first distinguishes 
its father from its mother, it is doing the same thing that 
Leverrier did in distinguishing Neptune from a fixed star ; the 
difference is only one of degree. In putting children early to 
the work of observation, as is provided for in the Fii'st 
Book, we are, therefore, only continuing a course already 
entered upon, and which involves th,e most natural and con- 
genial action of the childish mind. 

Another reason why children should commence the study 
of objects early is, that the Tuibit may be formed before the 
mind acquires a bent in other directions ; is, because to post- 
pone it is to defeat it. As education is supposed to begin 
when school be^s, and to consist mainly in learning lessons, 
children quickly get the notion that nothing is properly " edu- 
cation " that does not come from books. But the diflSculty here 
is deeper still. The habit of lesson-learning, of pasdvely load- 
ing the memory with verbal acquisitions, is so totally different 
a form of mental action from observing, inquiring, finding thingf 
out, and judging independently about them, that the formei 
method tends powerfully to hinder and exclude the latter. I 
have found, in my own experience, that the younger children 
took to exercises in observation with freedom, and zest, while 
their elders, in proportion to their school proficiency, had to 
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Dvercome sometliing of both disinclination and disqualification 
for the work. 

In the third place, the plan of study here proposed recog- 
nizes the importance in education of the element of time. The 
very conception of mental unfolding as a growth implies, as we 
have seen, an orderly succession of natural processes to which 
Hme is an indispensable condition. Ideas are not only to be 
obtained by observation, but they are to be organized into 
knowledge. That this may be done effectually, so that acquisi- 
tions shall be lasting, it must be done slowly and by numberless 
repetitions. The plan of the First Book complies with this 
condition by such a construction of the exercises as will secure 
constant repetition and a thorough assimilation of observations. 

It complies with the time-requirement in another respect 
also : it is but d^ first step, and involves many succeeding steps. 
The mind grows, let it be remembered, for twenty or thirty 
years, passing through successive phases, in which now one 
form of mental action predominates, and now another. Every 
study, which aims to cultivate any class of mental activities up 
to the point of discipline, must extend through a considerable 
part of this period. This is well understood with respect to 
mathematics and Latin ; they run through from the ages of seven 
or eight years to college graduation; while three months is 
the usual collegiate allowance of time for Botany. As the 
true mode of treating the subject, both on its own account and 
for educational purposes, requires that it be pursued in a 
definite order through the whole school career, I have here 
conformed to that condition by presenting only the first rudi- 
mentary instalment of the subject. 

Fourthly and finally, the mode of study here proposed is 
specially suited to call forth those operations in which grow- 
ing intelligence consists. 

A child old enough to begin the study of Botany has 
already acquired a large stock of ideas of concrete things and 
their relations. As concerns plants, it has probably discrimi- 
nated between leaves, flowers, stems, and roots. Its idea of a 
leaf, for instance, though loose and indefinite, is still roughly 
correct. The thin, green plate contrasts strongly with the 
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other parts of the plant Its differences from flowers and stemi 
enable the mind readily to differentiate it in idea, while the 
essential resemblances of leaves of all kinds make their inte- 
gration into one general conception inevitable. 

Our primary scholar, then, starting at the level of ordinary 
perception, is to increase his discriminative power. He must 
learn to discover minuter differences and resemblances, and to 
make his ideas more definite and precise. To this end he 
enters upon the exercises of the First Book, and begins a care- 
tal inspection of leaves. He soon finds that they vary consid« 
erably ; that their most conspicuous feature — that which he 
has hitherto regarded as the entire iea/— forms, in most cases, 
but one pa/rt of the leaf Having gained a clear idea of this 
part, he marks his conception of it by a sign which he finds to 
be the word blade. Another part, almost always present, he 
distinguishes as the leaf-stem, and names it the petiole; and 
still another part, probably never before noticed, he learns to 
recognize as the stiptUee, 

He thus begins with the recognition of simple differences, 
the idea of the leaf being resolved into three component ideas. 
But each of these component ideas is crude from lack of obser- 
vation of the varying forms of different blades, petioles, and 
stipules. Observation is now extended to new specimens, and 
as it goes forward new differences are perceived among these 
parts. The blade turns out to be composed of different ele- 
ments. Its framework is differentiated from its . soft, pulpy 
covering, receives its name, and then this part' o^ns a new 
field of observation in recognizihg and comparing the different 
modes and variations of the venation, as it is called. 

Having gone over simple and compound leaves, he next 
passes to the examination of the stem. Here, also, his first 
notion is simple and indefinite, but, when a good many have 
been noticed, marked differences of appearance present them- 
selves, and stems begin to fall into groups, which he describes 
as round, square, erect, trailing, creeping, etc., as the case may 
*je ; while closer observation reveals still minuter characters of 
difference and resemblance among them. Inflorescence, flow* 
ers, and roots, are successively studied in the same manner. 
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Having become familar with those general features of plants 
which can be seen with the unassisted eye, and begun to form 
a habit of observation, the pupil passes to the Second Boole, 
The microscope is now called in ; the work becomes more care- 
ful and minute, and the discipline of observation, comparison, 
and judgment, more close. All the characters of plants are now 
to be considered, and each specimen begins to be regarded as 
a whole. As the learner is able to deal with more complex 
ideas, he compares them with each other by contrasting the 
entire assemblage of characters presented in the different cases. 
This leads to the exercise of judgment in determining the de- 
grees of resemblance, and the contrasts they exhibit. When 
a considerable number of plants have been carefully studied, 
so that the minute features of their flowers are familiar, thej 
begin to be arranged by these characters. The more com- 
plex work of classification is entered upon, and the scholar is 
able to see that plants may be associated in groups of different 
grades, or values ; some characters being general and constant, 
and others limited and variable. All the facts that the pupil 
has accumulated from the beginning of study now become 
available, as they are organized into systematic knowledge upon 
the basis of data that are positively known. The pupil is not 
merely cramming verbal statements, he is assimilating actual 
truths. He passes from the acquisition of a multitude of special 
particulars to the grasp of general ideas, after the method by 
which all inductive science is formed. He knows by his own 
direct experience that flowering plants range themselves into 
vast companies called classes by characters of large generality, 
and that these classes break up into orders based chiefly upon 
the more constant features of floral structure. The orders again 
are divided into lesser groups resembling each other in the at- 
tributes of the stem, leaf, inflorescence, etc., all of which were 
made familiar in the first stages of Botanical study. 

Thus the mental process in which intelligence begins is car- 
ried on by increasing complication to its highest results. Com- 
mencing with the simplest discriminations and comparisons, and 
the rudimentary act of classing, the pupil at first arranges the 
facts observed into small groups in accordance with their re- 
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semblances and contrasts. As be gradually becomes able to 
grasp more numerous and remote relations of similarity, he 
takes in larger assemblages of characters, and is required to ex- 
ercise bis judgment in working out the relationships among 
larger divisions of plant-forms, and at last, by the aid of man- 
nals, he is ready to pass to the complete classification of the 
vegetable kingdom, and is thus prepared to comprehend those 
great laws of the multiplication and distribution of organic life 
in space and time which are so impressively disclosed in the 
natural history of the Vegetable World. 

Pursued in this practical and systematic way, beginning 
early and going carefully and gradually over the rudiments, 
one of the most interesting and important of the sciences can 
be made an ^*- exact and solid " acquisition, while the mental 
habits of attention and observation are cultivated, aptitude in 
the accurate use of descriptive language is acquired, the capacity 
of self-reliant research is developed, there is training in com 
parison, inference, and reason, on the basis of known facts, and 
a methodical discipline of the judgment is secured — all of which 
are the most valuable results of rational education. 
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